PatBase Resiiits 



Page 2 of 2 



1) Family number. 388343< ;i €44103^2 A) 
Trtle: Thtn film contact dryer 

Abstract: Source US4420S92A The thin film 
contact drye-' consists of a rotor havmg fiat rote 
elements extending m a rad?ai cJ'rection In the 
contra! th^d of the rotor fs arranged at least one 
LO^T^bination of distributing eiemer^ts and an 
dPnuiar we'r wtiich revolves wjth the rotor and 
leaves a narroy>? annular gap open to the 

if}-Qr^Q r-rve' wa! the an ■? jiar wetr bang arameii mned«ateiy downstream of the distributing 

e^u'rerts rs v.owcq r the u>roctiO'T of fiov< 

Classiffcations: 

Internatsonah'pc ? 3> >C '- // '^><^W\>"Mh?Qb ^/Y8l7/28 (Advanced/tnvemion} 
'ntijrnatwnal { pci - ? V4 ' t/ie F^SBI-^/CO ^Zm^l/ZB F26B3/22 
Europear? >^ 'h , ' ^> ^ '.::2:>^ZUi 
US. 5-:, IS > ?4.'^83 Ooo/ 3o&C"5 



I LIP 



Family 







{ < t »-«umber 


Appllcatsor? date 




^e8009:'5 




19790323 






Dfc a'J^4l1549 


19790323 




'^^^ .04C7 


CL^ 980306 >1*> 


19800313 




<>3Q1015 


£==-1 980010 '291 


19800313 


' P001 ;'040 


19830302 


EP1 98001 01291 


19800313 


..Po5149603 A,' 


19801121 


JP1 9800034826 


19600321 


.5^63133301 U1 


19880831 


JP1 988001 2248U 


19880202 


US44?0iJ9^ A 


19831220 


US1 9820343791 


1:9820129 



Pnontv 

LZ 9-92S 11549 <i 
Assignesis). ,std!. 
Assignee(s): 



US ^9800126794 19800303 



DEf98Q3062161 19800313 



LUWA AG ; BAYER AG 

BAYER AKTIENGESELISGHAFT ; LUWA AKTlEr^GESELLSeHAFT ; LUWA 
AG 8047 ZUERICH CH : BAYER AG 5090 LEVSRKUSEN D£ 
Inventoris)' 'stJ> BRa.JN BUR^HARD B-^^UN c^URKHARD DR , SKERHUT REiNER DiPL 
\G v'OSTLEN 8ZR^-i^RD DR ^/OSTEEN BERNHARD ' SKERHUT 
REINER : SINN ADOLF ; RAiNERU SUKERUUTO . 8URUK.UHARUT0 
8URAUN , 3ERUNHARUTO FUOSUTEEN ; AADORUFU ZUIN 
fn¥eRtor(s): VOSTEEN BERNHARD DR 5000 KOELN DE ; SKERHUT REINER DiPL !NG 

5000 KOELN 
Designated States: BE CH DE FR GB IT NL 



1-1 of i 



https:/Avvw.patbase.com/prt_/es« 8/1 1/201 1 



00 1 7040 



- 1 _ 

asntraibersich 

Patente, Marken und Lisenseu 



Umh AKTIENSESBLLSCHAPT 



ki»by 

glnnscftich tfeontak ttrockner 

Die Erf indttng gent aas yprs eiRem Dlinnschichtkontakt- 
trbcrkner ait: ainsttt^ Sotjar. Ourch Sen Rotor wird das 
«ip$f€trageije Feuchtgat imeir wleder an die beheizte 
Innenwand fies Trocknets geschieaaert bis es schiieB- 
lich asi a«fiersn Snde des TrocknarH in rieseif 6rjrdger 
und tro&keiier Forsa entnoasmes vecden karm. 



Bei feachtgiitern, die ais piimpbare Pasts in ein&n Dunn- 
jschiehtkontaktticjckner eingespeiist wsrsS^ii, biideis sich 
sfihx KStifig gr6B63r6 PrpdttktaggXpnierate (KnoileB) , Sie 
to in Erbseft- bit He seXnuSif rSfie da§ smsx. ptliviige Trocken- 
gut d«rchset»$n. Bei gecfebenejr CSrafiuletionsBieigun^ ist 
die Knollejiblidung avch bei rieselfkhiger, FfetichtgUterii 
sai5giich. 



UO 17^40 



Die iro Innern nosh feuchte-: Knollen raachen das Trock^:;:!- 
gut wnbrauchbar, veil es d^n Forderungsn fur Reswf euchte , 
MablbarkGit uno Handh&taung nicht entspricht- £1x3 Absie- 
ben and Riicfcfahren des Kr.oiienanteils ist sehr aufwen- 
5 dig, Daher konnte der horizontale DSinnschichtkor^takt- 

trockner in. den FSllen, in denen sich such schon geringe 
Mengsn an KnoUsn bildetea, bisher nicht eingesetzt wer- 
den. 

S,« dieseiR Kwock sine zurv5c)<geboger!e Vertailelsmente enr- 
10 wickeit worden, dis> die KnoUer. dadyrch verhinderr. 

solltsn, das das Produkt it5 den konischen Spalt Ewischen 
Vsrtsilelsmenten (uirdaufend} und.der zyiindrisciier. HeU- 
flSche (ruber d) ingezogen und verstrichen wird. Es selg- 
te ^Ich jsdbch, d£B das>it zwar sine werkliche, aber in 
15 keinem ralle ausrfeichende Verringerung des Knollenanteils 
ijn Trockengtit era ielt werden konnte . 

Ein anderer VorschUg bsruht darauf, durch Schrags teller 
des Trockner.. die ProduktvsrweiUeit soweit erhCben, 
das die KnoiXen vernicht^t werd«n. pabei ergsben 
20 sioii jedoch inf olge cer erhdhten Produktirienga im Trock- 
ner unsuiassige mechanische Beanspriscbungen atn schneli-' 
iaiffsnden Rotor. 

Der ErfinduB9 Uegt die Aufgabe 2>jarunc einen Dxinn- 
schichtkor.takttrockner ?.u entwickeln, r iT^ jedew Paiie 
2S e:.r. knollei^treies pulver fSrirdges Trocke: iut iiefert. 

Distse ?^ufgabe wire erfindangsgesnaS dadurcb gelSst, daS 
i« mittieren Drittei des Kotors ir.ir,CPsteTis oir.c Konbi -atii 
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von VerteiXeleSiienfcea yuci eJneiu mit dein Rotor umlauf enden 
Ringwehr an«j©bracht ist, das zur innerer. Trocknervand 
einen schmaien RiTigspsit of fen laSt. Dabei ist in 
Strfeungsrichtung gesehen das Kirigweh£ urmittelbar 
hinter <3er* Verteiieleweriteri ajjgeordnst:, 

Vorteilhaf t 1st dabei die Weite <3es Siagspaltes groSer 
a Is aer Mjstana s der Verteilelstsente von der Urpekner-- 
wand. 

Bei Substanzen, <2ie besonders stark zmt Klurapsn and zur 
KnDlIenbildun« neigen, hat sich eine Avisftthrungsf orm be- 
wahrtf bei dsr raehrere Binheiten von VsrteilelesnenteiJ^ 
UExd Ringwehr histereinander gescbaltet sina, 

jiurdh dsn Rlngspalt wird die F6rderang der schon pulvrig 
ries^lfSbigen Produktaniieile , die &Mtch die bohan Flaab« 
krlfte in dtihnar Schicht Sbet de» Trpcknermnf ang vet- 
teilt warden, nicht behindert. Bsgegen werden die Kaollen 
vom Ringwehr solange suriickgehalten, bis sie von dsn 
Verteileleroenten erfa§t warden and zu Pulver serkleinert 
ebenf alls des Einfspalt passleren kSnneHv Die Fartikei- 
groS® des Trocskengtatpsf entspriciht datm siaximal det Weite 
des Siagsipailtfes* Ein besotiderer Vorteil liegt daria, 
daB k^ine kojBpliKierten ttebauten am Mnnschichttrockher 
erforderlich sind. Ringwehr «nd sugeh&rige Verteilslejaent© 
kdnnes aych nachtragilch leicht in bereits vorhandene 
iagen eingebaut. werden* Auf diese Heise konEsen die gahl- 
reicheij vortsile des ■pSnnschicht^ontaktterDckners aach fiir 
soiplie Produkie genutzt werdeji, 53; s wsgeB ihrer Keigtsrjg 
aam AfgXoJaerieren b«w. siir KnolientiXd«r>s bisteJ* i|j 
ajsde^er- Weise getrockitiet werden Hiufiten. _ ' 
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• ' Im fol^eriden wird ein Aiisf iihrungsbeispiel der Erfindursg 
arihand von Seichnungen aSher erUutert , Es seigen 

Pig. 1 «len prinzigielleji Aufbaii eines panBSchichttrocJs^ 

5 Pif . 2 ein^n Ausschnitt des Dijftftschichttr:ocl!.riiers mit 
yerteilfelsatesiten «M Ringwehx, 
Fig. 3 fiineji SchMtt &/B gensM Pigttr 2. 

Der Dilnnschichtkontakttrockner geffiSS Fig. 1 wird grund- 
gStsiich horinaoRtal aufgesteilt. Seine wesentiichen 

iO iBeiBtiand telle aind das zylindriscbe GetiSuse 1 , der Sotor 
2 iait Sotorfeleingnte 3 Hjid die Eintragschnieclte 4 m xechteis 
Ende. Bel den Rotoreleroenten handelt es sich in bekannter 
Weise tHR F6rder-, Feder- und Ojtswalzelemente. Das ^frockner- 
cfihause 1 ist jnit einsR'. Heizmantel 5 vsrsehen. An den 

15 Enden des Trockxiers befindsri sich AbschluSf lansche 6 tmd 7. 
Das Ku trocknende pastenformige Gut wird iss B«r®ich der 
Eijstragsschnecke 4 ^ixcch dsB Stataen 8 eindosiert. An*- 
$chUefiend vrird es von den RDtorfliigein 3 arfaSt «nd an 
die inijeawand f des IrOckenrauroes geschleudert. Atifgrund 

20 der aaftsreteoden Zentyiftsgalkrafte bleibt die Produkt- 
ferdertirsg auf sine scSfimale ringforraige Sons an der 
Trocknerlnnenwand 9 beschrSnkt. Das getrocknete Produkt 
wird SKI Prodtiktaustrag 10 m iinken Snde des Trockners 
erttnopnep. ©ie entstehendeii BrSden werden dnirch den 

25 Stutzen 11 abgesaugt, 

Im jalttleren Dritfeel des Jrockasrs ist der Jiotor mit 

eineft! Ringwehr 13 ursd der. Eag€b5rigen Vertellelementen 12 
bestilckt (s. vergroSerter Ausschnitt gemSS Fig, 2 und 3?. 
Des Mngvj^ir 13 folgt Sxi StraajEsgsridilaaRg ges#^, d,h, jfCr* redits nad5 
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links, lan^ittelbar die 2ugeh5rigen Verteileiswente 12. 
Die Fori!! des Mngwehrs 13 tind der sygehdrigen Vertellelamente 
\2 ist aos Fig. 3 ersichtlich, Die Vertailelemante 12 be- 
stehen aus zuriickgebogeneu Birchen, die zentrai ass Rotor 2 

S befestigt sind isn« uijinittel^jar vpr der Inneiiwana S des 

Trocskners en^en, 0er lUsstand s zwischejii Ser AuBsnkante der 
Verteiibieche 12 bij4 der Innenwand 9 liegt as.B. in der 
Groser^ordnung von 1 miB. Das ufasittelbar darauf folgefede 
Ringwehr n besteht aus einer ringfSmigen Scfeelbe, die in 

10 der Mitfce durch Stegs 14 am Sctor 2 befestlgt ist, Der 

Radius der ringfemigen Scheibe ist so bsi&essen, das swischeo 
ihretti aufe^ren Ra^d and aer Snhenvaijd 9 des iTrookisers ein 
sciwaalesr Singspait IS verblaibt, Seine Spalfcweite d muB 
gr5Ser sein sis der Bp&Xt s zMschen Sen Vsrt^ileXeaenteii T2 

I S tind der Trobknerwand S- Er liegt i» der Prixis awisohen 
2 una S tm. Sach M6giichksit seal das Ringwehr 13 bQndig 
an die Verteileiemente anschlieSen. Der Abstand Ringwshr - 
¥erteileiemente darf aber keinesfaXXs grSSer sein^ aXs die 
Weite d des S^iiigsfpaltes IS, 

20 Das Feuchtgyt 16, das teilweiss «« KhoXlen 1? agglomeriejrt 
ist, wird'auf grand der ZeBfcfifugalkrafts an der Inneowaod § 
des Trockners erstiangtransportiert tmd dabei durch die vojs 
Heizmantel S zisgefahrte Warms getsockrset. SobaXd die Kmilen 
17 in den Einzugsbsreicfe der Ventileiesente 12 ^elangen, 

25 werdes sie durcii i?ruck uad Ssibang aerfcleinert. Das Ring- 
wehr 13 v*erhindgrt, daB die Knollen 17 awisehen d&n S5u$e- 
hSrigea Verts ilelsjnenten 12 hindarchroXXen und vpft diesen 
aberbaupt nicht erf afit werden. Die Wirkungsweise der Siag- 
wshrs rs besteht also darin, daS im B^reieh dex zape- 

30 hSrigen VerteiXeXsssente 12 ein Mck^taa der Kaollen 1? 
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auftritt, Durch die groSer. haibkreisf ormigers afrnungsn 18 
ij"! Ringwehr 13 kSnner! die Bruden ungehlnaert abstromen. 
Usn clelcher; Zweck vie das beschriebene Ringwehr 13 
wurde daher auch eii^e Stauscheibe mit dffr^ungen izxm Durch- 
tritt der BrMen) etfUlXen. 

Bei besonders stark agglomerierenSsii Frodukten Jcaftii die 
WahrscheiniichXeit &&r Knolleubildung noeh wetter herab'- 
gesetst werdsUf wenn jsehrere Einheiten von Rtngwehr 13 
und Vsrteilelementers 12 ±ia Trocfcner hinteretnander ge- 
schaltet verden- 

Bie S^age einer solchen Einheit im Trockner ist liicht sehr 
kritisch. Ss ^^pflehlt sich j^apeh/ das Ringwehr Id. Ver- 
bihdartg mit den stj^fehorigsn Verteileieftehten in etner Snt- 
f&rsiung vpis Prodokteintrsg 8 anzubrirsgen, die mindesteiis 
1 Drittei uhd hSohstenS 2 Brittel der RotcrlSnge L mnt^ 
spricht. Wird das Ringwehr 13 nahe ain Eintrag 8 an- 
geordnet, so k&nn der Spalt 15 durch nocb nicht in &i& 
Pulverphase iiberfShrtes Frodukt verstopft wardsrs, Bei 
iBiner Anbrisgung inahe am Sroduktawstrag 10 ist ajide- 
rerseits Jiicfet atehr gewShrleistet^ daS die zerkleiiterten 
KncfXlenbiS^taixdteiie noch attsrelchend g«troc3tn<et werden. 

Bei Verstschen mit dieser Vorrichtung ergab sich, daS 
audh bei stark aggXonserierendsn SubstanEen {starke Sei~ 
gang zu Knoli^sbildungj im Trockeng«t am Produktaustrag 
10 nti£ noeh Partikel Mt einer KonigrSBs < d ■vorhandsn 
waren- fiateit konnte der fthwsna«ag$i>areich fUr 0Q»nsc;hi«:ht- 
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kontakttrockner auch a«£ knollenMMende Produkte erwsi- 

tert warden. Hin wichtiger wirtschaftiicher Aspekt der 
Erfir.d^^ng liegt ferner darir., daS Ringwehr 15 und zuge- 
horige Verteilelsiaente 12 jederseit nachtrSgiich ir. vor- 
handene Ajilages eingebaut werden kSnneJi. 
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PateatBasprgehe 

1, DQnsisciiichtkontakttrocfcner mit einem Rotor,: aatech ge- 
keiiftzeicJinet, aaS im isittleren Drittel des Rotors (2) 
Bjindsstens eitie Rtaabination von Vett^&il-«le»eT!tsn (12) 
sind elnenj rojt dsBi Rptar runlauf enSes Rihgwehr {13) 
an^ebracht 1st* das ?ar inn^en Trocknerwand (9 5 
eiiien schitialen Ringspalt {15) of fen last, wobei ir> 
StrSmursgsriohtung gesehen das Rtiigwehr MS) mjssittisl- 
bar hintsr deri V^rteileiementeii atigeoirdnet 1st. 

2, &a&nschic&tkontaHttrocknBE nach Jfcaspnicfe 1 , dadtirch 
gekeiia3.e.ichJiet, daS die Weite d des Riiigspalfees (15) 
grm&T ist als der Abstaiid s der eugeh6rigen V^tetl- 
elemente (12) von der ^rockaerwand (9) . 

3, DunRSGhichtkontakttrocJcRsr nach Anspruch 1 «»d 2, da- 
dyirch gekennzeichnet, daB jaehrexe EisiheitetJ von Hiag- 
wehr (13) sugehSrigen Verteilel^fjneptBn (3.£) hliitei*- 
elnander geschaltet si,x?d. 
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SsvG tr-3ating rogion? 54 sequsntiaifv. 
region a bed S9, 31 of -hs flatter is mowsd in a band 
conjinuGusiy aiot-'.g ac- ajviulaf path by passing fSuid 
through the bed iiong !hs path, Th--? annw&ar paths of 
8^8 s-sgiotis J 2. i--s are cor,c&mr:c. 
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TWs invsnfe reiatss to treating matter, ior 
sxampie jjatticuiate and'or liquid fnatSer. 

Our spscitscauon EP-8-9S653 discSosiJs appa- 
ratus for treating rnater definscs by a stfucture io- 
Ciudfrgt a bass proviciea wrth an annjiar fiuid mist 
msans, means tc^ supciyiag fluid to tils' crruiar 
inist flufeJ rneans and means to' iirtpartipQ vertcai 
and circumfsfS!>t(si aonpcnents to si-.e fiov^' of ih\6 
Shraogh tfts inl^ meajis foe movtriQ a i)9d of said 
mattsr in s&id region in a band sionq an anrsuiar 
pam in saiti mstion as said fiutd passes ihrpugh 
ssid tmi< 

We have now devised a davsiopmsnf of the 
appsrat«$ disclosed in ^8 gbovo-meinfionsd Eu- 
ropean patent ^cificaSon which is advsotageoua 
if! certain appiicaiions m mat a increases tha sa« 
paoity of appafsbis of a givsn ovsrsSi size and/or 
pfovides more efficient treatment of particwfar 
cisssss af mstter, 

Thf invef!>:^n -idudes scparaUis for Sreatfrsg 
!ti3ti?>r, co'Tiorisirig cis iessi two treating rsgiortSi 
ssch rsgiof! tieirsg dsfirisd by a slruciurs inciuding 
a base pcovided with an annuiisr fluid infst means, 
m annular inJet means of tt^e tegicvs Ujit-^j a-.s- 
posed conc8R*rtc3f!y abcwf an uc/>'Sfd!y cJ 'ocssjd 
axis of m spparafiss, meatus for suppivmQ i ^ic 
each annulaf fVjid ifiist ineans nnd means tor tiTs- 
parHrtg vsriicaJ anc c-cumfsrei^'Si •;o.T:i:of>= lU ;c 
ihe fioiv of tiUid through eacf-- -.r^isi msans »r mov- 
ing respective seds of ssjd iT^^ater m regions in 
respective ijands abnc rsspective concentric an* 
ritilgr paths in said regions as said fluid passes 
through ssid beas; 

Tho arinuiar inlet means of said rsgirMis may 
be spaced awsiiy and/or rsdiaiiy. 

Wiien" the iriet msans are spaced both .wsaiiy 
and radiisiiy preferably tn« avtailv upi^er cti She 
aiinufsr sniet moans "> dispo-seri rsdiaiiy outwarc"/ 
of tiw other anri'jiar inSst rrieaps i^un-rjemore. 
whsn there are pwre than r*;: of said '"sgions, the 
or each oi the annijlar sniet means wnicii are dis* 
posed axisity baiow jhe axjaiiy jpper anriolar infet 
means are disposed radsaiiy inwa'Ciiy of )hs iniet 
means next afc»Qve if, 

VSSien tiie annuiar intei -means ot li^s 'eg;ons 
ar^ ss>acefJ axiaiiy, ihe apparatus ;3t6'S!tab"« ''.nihei 
corncrises imar-s for suppiyifiij matts! to Us tr-jat- 
ed fo the region rjiovidsd w!th sns axhsiiy ^jppes of 
tiie annuiar iriiet mesiis, msaris for enabtsng matter 
to foe extracted from ilw region provided wth the 
aKiaiiy sower cjf tiie annular inset means and means 
for {rattsferriog matter from m or each region 
wnose annutar inlet means is disposed above 8iat 
of another region so said other region. 

When the anntiiar iniet meam of ths rsgione 



spaced radiaiiy, m apparatus -riav comprise 
means for s<opp!yiog matter tcs irp^iea to ths 
region Drovided wiiii sne raoia'iy ouisr or Xni ar-- 
nufsr iiiiss iTesns, means for $riabi!i>g matter to £)6 

5 9>a73Ctsd trorr! tt>9 region provided witfi: the fsdiafiy 
inner or she annuSar iniet r?mr?s, arid rrssar^s for 
ttansfSiTmg maitsr rro'^i Sfifj or sacii :?OiOn whose 
ijnntjiar mlet ivisaris is Cisposed radiallv ourft'^dly 
of tRat of another region to said otnsr 'egion. Such 

to m an-angenaent enables the matter to pass se- 
quentially through fteregtorvs. 

AifernaSSTOty. swhen (he annatar iniet means of 
the regions are spaced -'adisiiy. the apparatus rr^sy 
carriprisa means for siippiyirg ■•riattei to bs treatM 

rs fo She region provided with ti^s radially outer of the 
anrtuiar ioief rr'.eans, and means for transferring 
mattar 'sc rn 'ne or eac^ region '-vhase a^nuiar inlet 
meatus is «ispos<5c; 'aoiaiiy .r^wa-diy ri? shat of an- 
otfier region to said otner region, Such an artsnge- 

so ment is preferred when the annular trM means of 
the regions are spaced both axiaiiy and radiaiiy. 

The invention aisc Snci'jdss a Tsgthod of trsst- 
i-jg rnatter in %* 'oast 'svo i-satrnc) regions, Ah^srsi-. 
in each region a bed ot said ii-iatter is riiovod iv. s 

25 feand continuDusSy aioiig an arsnuSar path by pass- 
fiyir; t^rc-ugn if--3 bad aiong saiG patn, the 
:r-'\:a! .\'.tMs ihr rn^ions being concentric. The 
cor.rentrio aiisiular paths: may 158 spaced axieSty 
and/or radiaity, 

33 When the annufar peths are spaced ijoth radi- 
aify and axiatly, preferably ttO: axiaiiy upper of the 
snntffar paths is disposed radiaay outwardly of tfse 
other annyiar paih or paths, furtiiermore, in such a 
T.^r-yc A'lers She maaer is passed tfjrough more 

35 Mian ifto regiof^s, ihe or each ajinuiar path is dis* 
oosed •■■sdiaiiv mwar-jiy of t^e annular path hext 

3P0V8 It, 

!n 3 fi-jthfjij .',hic:-! *h? ariri;j!ar paths are 
spaceo axiaily, prefesabiy ;h3 rr.at;-ir to be treated 

40 is stippliad fo the region having the ma-y upp^jr of 
said anrjuiar paths and extracted i=om ihe region 
having ths axiaiiy lower of said annular paihs, tt^e 
matter boing trgnsSBrsed from the or -'sch s&gicn 
iiavtrig an arinuiar pash disposes above that £,<! 

4{; ar^oiher reg:on to saici otf>;r !"sg'on 

;r! a tiisfic-d iO wriicfi Sfi'j MTiular pashi; a:-? 
SP.1C00 racially, ths maSf-r to t;e SiS-atfid .^riciy o? 
juopiied to r-^c)ion i^avrng tf'.e raa.allv inrs' of 
said paths and extracted fron-; ;no rs-^ior- havir^j ti^e 

SB Fadlaliy ooter of said oaths, the matter being trans- 
ferred from the or each region whose annufar path 
ig disposed radially inwardly of that of another 
region to sasd other region, 

.Aiternativeiy when {he annular paths are 
spaced radially, Sha matter to t»e treated may be 
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ssjppfiad to ihs region having the fadtaSfy outer of 
S3sd paths and axtrsctsd Ixorr-. reqtor; nav^ng rhs 
radlaity ii-snsr or said paihs, !fis n-sstter betn-g irana- 
fvsrrstJ froiT! ths Of each rsgton whose annuia.' path 
is disposed radiaiy ourwardiy ot trias o; anoihsr 
region to said oii-'i- fsgic;-^ S^jc"; 3 prxec-iirs is 
preaentiy pfefefred wsiea Jhe anniiiaf paths ars 
spscsd both axia!)'/ and raciaiiy. 

The fitifd v?hich is paasatJ throtjgh the hsds 
may compriss gaseous matter which treats, or 
reacts with, -hs mat-sr :n said beds. 

This gaseoijs mstief may comprise coffibustion 
gases whici^ heai ;he ni«fer m bscfs durfrsg 
passage ihtOLjgh ssid beds. 

Aci(jiiion«![y or- .sJt&rnstivelv tfie fkiid which is 
passsd ir.^oijgn said S-scis may compass Squtd 
n-;at:9r wh;ch lieats. niixva with, of rsacts wiih the 
maltsf !!■» said beds dorirsg passage through said 
P9ds. AMiion^ty ov aitamativsly She iJuid wHcii is 
passed ihrough said bssSs may comprise air, 

Th9 matter which fs passed through Sie trsst- 
ifig fsgtons may comprise parficuiste matter ansfc'or 
fiCEUid mstJer. 

tn ofder that tha invefstiors may i>8 wsil un!jsf- 
stoodi asTi sfflfeodiment thgr-sof wrii now be d<3- 
scrtt56tJ, by way of sxampls ofsiy, wttn refetsnce io 
Sh& accompanying schematic drawng, in whicii; 

Figure t is a top ptan vi^- of an apparatus 
for treating matlsr; and 

Figure 2 fs an ssria! cross-sectisn of shs 
sams apparatus tai^en aic-og the lifss it-i( irs Fgurs 
1, 

The apparatus !0 shown in tss drsvying com* 
prises two treating regiorss 12 and i4 thfowgh 
which maftsr to iss rrssisd seqijendiUiv passes. 
£30h region 12, 14 -s Doundsd ex-srfiaiiy by a 
respective tubylar waii 16, rS arsti sn tbs i!ius?rstsd 
apparatus, botn chamfesfs >2 and 14 are snnuiaf, 
ceirsg ijourded intamaiiy by respscSvs Subuiar 
wajis 20. 22. Each region 12, 14 >ias a base £4, 26 
pfovidsd *»ith Si's snnuSar fidd inf«S 28, 3D which is 
spanned by an annyiar array oi inciined '/anas 32, 
34. Per simpiicity. oniy a portion of the a-rays of 
vafiss is iiiustfaiej! iri FicjDrg 1, t^ovl'evef, \t h 10 b« 
!jixi9!S!G0.3 :;-iftE ea;;h 3rr:3y 'jxt^;ft>i$ cornDieteiy -r- 
Oiind liis respecsive iniels c?S. .'iO. The vanss whicn 
in ;h<5 ernp'jdiment af© nxec and arranged in ovsf- 
tspping relationship are inclined in Ofdsr io impart 
verticai and cifsumtersnfiaj comportents to the fiow 
of iiuid ShfOijgti tiis inlets 28, 30 for mowing respsc" 
tiv8 bads ot the mafter m the rsgions * 2 and 1 4 in 
respsjcfr/e compact pands cominuousfy along 
spective annotar paths in ttie re^toi-ss as ths fiuid 
passes ti-jfougrs !l»e maiier m ihe fssc's. The bands 
are indscsSed 31 a jsnd 31 fosix '-..i, ~ qh-e Z. 

Ths annuiaf inteis 38 ai?d 30. arte thus t.*ie 
awsuiar paths i« she regions 12, 14 siong which iJio 
beds of niatt-sr is moved, are atspcsed concen- 



tficafty about an upsvarciiy al.'-^ctsd as s -50 ol ri-,t-f 

in Shs iijustfased afjibodirrigins, ths ,'3nnuiar sn- 
Ssis md ihe 8n:nul8r paths assocsatad tiisr^wiih sra 

s spacsd Dotft aKsaiiv and radiaily. with the upper of 
l^.a annyta' mists (and th§ annusar path associated 
thsrewith} disposed radiaiiy out-^ardiy o; -he oiher 
annuiar ititet {sjid the annular path ^soeiatsc 
thsfswith). This arrangemsnt is panJcuiariy sdvao* 

to tageous in that it enabfes the inten-jai ttibuiar waii 
20 of region i2 to !>e formod as 3 continuaiior: of 
the axternai tubuiar wais 1S of ihe regiors 

The fiuid whicji is passM through ihs beds cf 
matter to -Tiovis the 5-?ds •^cnts^l■JCus!y aiong the 

;5 annular paitis -.n xm regtons :Z and i-t 13 difsctsd 
to ihe ann-jiar ^nleti 28 sr-'i ">0 ?i-'fOugn !ssp!5':;tive 
suppiy passages 42, 44 ijeneath ihe imots as in- 
dfcated tjy arrows 46, 48 in Rgurs 2. 

The illustrated apparatus is provided with an 

no fntet its upper arei to enable matter tc be treated 
& im suppiiecf to she rsgion \Z as iliostraled by 
arrows 50 in frigure 2, The intsmsi tybuiar vvalis 20 
and 22 of the fagiens 12 and 54 are provided mvn 
rssoective opsnirigs 32. 54; Ths opening S2 sr.- 

;5 sDios matter to be transferted fixsm region 1 2 ;o 
iegicn !4 as indicated by arrow S6 in i=lgLire 2. and 
tiie opening S4 envies mate to be exifacted Srom 
the region 14 as indicated by arrow 58 in Rg«re ^, 
The matter extracted from region 14 exists the 

so apparatus via outist SO. 

in use, matter is Applied to the region 12 50 
ftjmi a bed therein whicti is moved in band 29 
coritJnoousiy aiorsg an annular path by passing fluid 
ihrough ihe bed atong tnat p.ath and is treaied in 

M rngton 1:-: fi-e r:o3£-.;sottor=ai siis of the band 29 
of matt'-jr bs::.n.j trit'Vtj-; in .-eglon 12 depends upon 
the amount ot matter ir> irini rsgion. 'nitiaiiy, when 
matter is tirsi suppited to tn.e regiors !2. tne band 
has a smati cross-secticn and movas sdiacsnt Sis 
external wall 18, On introduction of further matter, 
tfte cfoss-secfiod af the band increases tioth radi- 
aiiy inwardiy and axiaity upwardly such thai when 
the matter in region \2 exceeds a prsdstsfminsd 
:irfioijnt, sxcjss ni^itter vyiii .sxii: ;ht3 rggicf ^2 
shroufjh opening S2. to be trgnsfsrred !0 region 14 
to fomr! a bed ihersm wnich is moved ;n a band 
conEinuoiiSiy aicng an annular satn Pv trie iitjid 
which is passed through ihs bed aiong that path, 
and be ti-sated in fegtcMi 14, As with tiie bssd 28, 

so the cfoss-sectioftai size of the Sjsnd 3i of matter 
being moved in the region 14 depends on the 
amount of maSsr in thai region. fJIsewise, initiafiy 
when ma«sr is first transferred to tiw region 14 
fronr^ region t2, has a sirnsi! oroES-seclitJs! .-Jno 

ss moves adjacent srsa swsmai wail "iS of rg-gjon 14, 
On transfer of iurther matter, ih3 oross-sectfon ot 
;he band 3i increases ixtth raoiasiy inwardfy and 
axially upwas-diy sucn tfiat wi^er? ths amount ot 
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master in region sxcseds a predtsterniined 
amount, excess mater axfts ?ro(n region 14 
through opening 54. 

pforietenTiiped afnovints o- rnattst . suDpsy oi fiirtnei' 
matter xo i-jgic-i -2 results in matter bsing trais- 
igrieci froT: iigbn ?2 to region 14 and (natter 
aair-g ^xtractsd ^fom rsgicn 14, in ihis vsray « 
throughpul of matter is actiievgd, she rusttaf pass- 
ing seqsjsntfaiiy through the two fsgions 12 jmsj 14 
Mfora e»ting )ha appsrEfes. 

The sixjvs descrtee<s apsjaraius and nrsettiod 
are particL-isriv advantageous lor tresting ^naU^r 
which sfter being b&atsd doss :i-3t autc-fnaticaliy 
nss from tns bed to exit ''rofr. ihs apeara^iis (as is 
the for exampii? whet^ peritte is e-Kpanded by 
being i^eatad bv cof-nDustion gasas wi-'k:n arg 
passed t*iroug!i tns csd as dsscribed in our speo- 
ficatfon EP-B-S8353). «Uio«gh thsre is no conlroi 
ifi how fcng parfeulaf mat!er is fstained In regtotj 
12 befofe Jjeir^g transferrsd to ragton 14 mt how 
long pflrticLiiar matter is retained !n regiori 14 be- 
fore sxitir)g she aptiaraius. liis iact tiiat the matter 
being ifsatee i.? psssBd ihro^jgh two regions sn- 
sb!«s an averaga trcatmsnt tirro ro bs acnievad. if 
the tfsatmsnt tijns iS partiaiiarty crificsi, more con- 
tfoi over ths treatmertt ;in-sa rr^.s-,' bs achi^veti by 
modifying the apparatus lo inctuds a furfi^er region 
or regiona like rsgrons i2 arstJ 14 having anrwiar 
paSis concemfis wittj the arsnular pafes pfovidsd 
by rsgions 12 and ;4, "Hitis, for example the iiius- 
tratsd apparatus cotild hs modified to tiavs a fw- 
thsr region DrovidacJ v<i;h. an annijia; iiisst spociKi 
axioliy Selow and fasiaily :nwafd!y of inlet 30 at 
chsmbsr 14. ir> this case, it wiii te apprsci&tsd that 
matte? wciiid bs transferred from region 14 to this 
further rsgtors and svsfiiua'iy sxff the apparatus 
ftorT> Ihs further i-sgion. 

Th§ matter which is passed through the trsiat- 
ihg regions may comprise particuiate tnattsr mim 
tiqold nattsr. Ths fluid which is passed rhrough the 
ijeds niav ccnsc-ss gaseous fnaite; whiCh !rsa^s. 
Of reacts with the iT.atter irs tiis beas. For exarnpie, 
ths gaseous matter may comprise oombusi.ion gas- 
es which heat (he nattsr in bed? di^nng mas- 
sage throiigh Vn& beds. One oarticuter exampis, 
ms case where tie rnsttet t;etng treated comprises 
coffee bem% which are roasted as thsy pass 
through the regions tjy comtjustion gases. Anotner 
eicampie is whsre Sis matter to b» treated com- 
pflses a siurfy from which ths liquid is driven off by 
she comtjustson gase& 

The fiuid which is passed through ;hs beds 
(nay comprise fiquid matter which irsais, rnixes. 
with, or rsacts with the msftsf in she beds donnjj 
passage through the beds. Again in this case, iha 
fnattsr In the beds may comprise pKlicutets matter 



and/or Sqtiid iT'.atjer. Fo! s.vampie, UQtjia whsct; 
is passed mrough sns btJds rtisv chanicaliy •■sac: 
with aSsf in She beds comprising soifd partfcoiate 

5 TT-iS fiuid wriioh !s passBQ througsi the beds 
niav Bircrnstiveiy comprise ;3ir -n '.•vhich case the 
purpose of ihe {!«id may be merely 50 move the 
matter in the beds atong their anrvuiar paths. For 
example, frss master in the t^s may comprise 

?o particufaie ;5iatter and liquid matter which coats the 
partiC'jiate mafisr as both the partiooiats natter 
5nd !ic<<j>d maiter are n^oved aiong the annular 
C^fhs. 

it wfti aiso be appreciated tnat a diff-sraot fiuid 
may be passso i.hrougii sac>i oed ■•-r.-riiro 
isjent treatrnsnts io carried c-ut on -m nviiSsr 
when it (S in each bed. 

it wiii be appreciated tiom the above that by 
providing a piuraiit>' of tteatitig regiorjs throii^ii 

so whJch the JDStter to be treated pa.'ssss seqiisntially 
and i(i v^ich She matter \s moved along respective 
concenSfic annular paths, the path iength for the 
matter {and thus the capacity of the aoparatus) is 
irscteasecJ for given overaii sii'e as compared witi-i 

n -be apparatus dtsciosed in our specification £P-8- 
eSSfiOi vv:-.ers cniy O'^.e trgatSng region having an 
anntiiar pafii is present 

Viftjiist tfte emtJodSment dtsdoses one psrttcuiar 
atrangemem of coocenshc paths in which two an- 

30 nwlar paths are soacerf iioth axisii'-. and rsdiaJiy 
with She axiafiy upper oi tm annular p.-s^s dispcsod 
radfaily outwa^xiiy of a Sower annninr path, ■,; ;s to 
be understood Si^r <no'> >M<- ^f/n -ir.'<> 

35 spi-ced oniy ■adiaiiy or only ;i<:a:-y. i-'^n-ihormc-ro, 
vvhJiet in the emSodi.'nent she rr.atter to t!8 ii-sa'.ed 
Is suppifscf to the region naving the f,aaislSy Dutsr 
path and extractsd from the region nsvmg she 
radiaily inner path, it is envisaged ;hat matter .Tiay 

JO ije supplied to a region having the .adiaiiv inn?r 
path and extracted from a region havirsg the ;adi- 
3t!y ester path. 

Whiist in the aijovs-dsscrrbeo apparatus arid 
n'letnod. ine matter iJis^ea ■s-Ki'j'?int:;3iiy inro'joh 

4b the concentric .efjions. ;r 'k< =0 be rn03<stood tri^iS 
{his is rjot essentiai and instead rnatter can bo 
st43p!isd dirsotty to nsspective corscentric region* 
mi treated onfy in one su&h regiprs- Such an 
gmfoodimeftf of the invention can i>s advantageous- 

38 ty uttSised when the rrsatter b%\rsq freatsd in ihe 
beds does aLwma'icaiiy rise i;ofn ine b-3ds aftor 
tnjatmsnt to e.xit im spparat-JS as is. cese 'or 
sxsmpte wi^en perjite is expanded as sforemen- 

55 D0d::T-eri: if;s tajiissiion of concsntnc treating fe- 
gions rather than jtjst one annuiar treating region as 
disoiosed in EP-8-58e§3 increases the capacity ot 
the apparatiis for a given diamefer. 
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CSaims 

1 . Apparatus for trmmq maeer, cosnpflsirsg ai 
i^att hv^ treatir-Q rsgiors, eac:f- rsgtori being da- 
■■fj'jct by a str;:',r?ur3 iti'M-jdfr.g ci3S<i provided with 
an anfiijiar iiuiti ir!ei iTsans-, ihe annufaf inief 
rt^eans of she regiotis bsing liispasixs ooncsntricaliy 
about STi upwardiy directed axts of she ssppsrams, 
means for supplying 'iyici ;o eacii suifiuisr Wd inlet 
means and means for impartinQ ygrttcat and olr^ 
cumfefsnt'af componems to ihs ?low of fiusd 
Ehrough each ffil^t fneans for movsng respective 
beds of said matter in said regions in rsspectK's 
bands along fesssctivs concentric annuSaf paths 
ssi'J regions aa sa^ti iiuici aasses through sac; 
beds, 

2. Appsiaius =5 daiinetj in ct&im !. wherei:-: 
Salcj snnijiar iriig- rr-sar.s said ^■igiocifi Sfr5 spa':ec: 
axiaiiy. 

3. Apparatus as ciasmed in ciai-Ts i ot 2, 
wfisrsin said annular intet means of said regions 

4. Apparatus as ciaimsd in (Mm 3 wf5ers ap- 
pended i-taim 2. sv^isrs!^^ liie sxialiy yppef of 
said annuiiir iriiot mssns i$ disposecf 'adjaifv ont- 
wardiy ot ti^s cti^<jr anryisr intet nieans. 

5. Apparatus as ciaimsci ir> c!a»n - ontnEjnsNv^: 
niofs than mo said fsgtons, whscgin ths o- -j-jor; c; 
said otfisr ann-jisr iritel means is dispossd :j,c:!;i; y 
inwardiy of the inist means next ^ove it. 

6. Aposfatiis as cJaimsd m any one of cisims Z 
to 5, cow^pfisjng msam lot supplying matter ta Sse 
{reated fe S^s rsO'on pfovided with tJis axiaiiy uppsr 
of ttie snnutaf inlst jnssns. jrisaris for' enabiing 
msaer to be ojiiracterf ;rom me 'ocm provided 
wttii the sxiSJiy icwe:' ot li^o a.^nuiar mla; rr^sans 
snd fneans for ErinsfS'rjng niatte-- fco-n :h& or each 
■sgion wrtoss annular inlet rnsarss is dispossd 
slao^ that of anoihar region to said other region. 

7. Apparatus as claimed in any one ot claims 3 
to 5, sofnpfising means for supplying matter to be 
treated to tfte irsgipn prpvided vim tfie radiaiiy 
isittef cJf the annular inlet means, means for ert- 
atsling msim to be extracted froin ;r:g recjior. crc- 
vfdsd with the radially inner ^-r-^r r -r. 
T-eans, and msans fcs- ♦j-ansfarriro -an^; ■: 
Of each regior^ whose snnoiar inis! -Tieijns is dis- 
posed radisJIy outwardiy of that of ano{f>«r rggion io 
said omer region. 

3, Apparatus as claimed in ciairn 3, comprising 
means for supplying mattet so be treated to ffte 
fsgion provided wislii the radially inner of the gn» 
i^iiiar inlet means, means for enabling matter to be 
sxtracted ?rom Sh8 region prcvirfed with ihe radtelly 
outer (5f the arsnuiar inlet means, and n>sans 'or 
tfansferring matter !rom the o: escn rsg.on v.r-oae 
annuisf inlet means is disposed ladialiy inwardly of 
Itiet of snotner region to said other region. 



9. A meii^od of irsatin^ rriattsr. in ai !s35i -vio 
ifsariog regions, vv.^er^in ir; ;^ac^i rscjion a bed of 
said mattsf Is moved in a band oontsnDousiy aiong 
an atsnuiar path by passing fiuid ti^irougn ine bed 
5 along said patii, sie annuisr oashs of tte ragions 
deirsg concanfrsc. 

fO. A mettiod 3s Claimed in clsiin 3, whersiii 
the anrsuiar paths of 8is regions are spaceci aviaiiv 

11. A method as claimed j-n claim 9 or 10. 
iQ wher^fi the ^maW path? of the n^gions are 

spacsd radialiy, 

12. A method as claimed in claim 11 when 
appended to claim 10, wherein the aKia-Sy upper of 
said annulas paSis is dlspO£«!d radially 0!.l^vs■di¥ of 

!5 ihs otner annular path or paths. 

13. A rnetiiod as ciah-nad in ciairn 12, whereli! 
tiis i-nsiier Is passed through more !han ra- 
gions and wherein Sie or each annoiar path is 
disposed radially tnwardfy of the snniiiar patf^ .nsst 

io atjove it. 

14; A me^od as claimed in any of ciaims 1 0 is 
13, wherein Ihe matter to tse treated is supplied to 
the region having tie axialiy i;pper of said annular 
paths and extracted from the reglor- having iiie 
ai'ially :o^sf 0; jaid annular paflis. tne matter besng 
trsnslerred iiOfi'i 'i-se or •jaci'; region havirsg an an- 
nular path disposed at;ova that of .^noth^r isgion !o 
said other region. 

15. A ;nethod as ciaimgd in 3.ny one of claims 

53 11 to 13, wherein »i6 matter to Se trsatee -.s 
sapplied to Bie region having the radially outer of 
said paths and extracted from tfie region having the 
radially inner of said sattis, the matter being trans- 
ferrsd from the or each region whose ann'jiar path 

3S is disposed radialh/ outwardly -j* 'v-:- -.-t .j.'r rii-.\ 
region to said ether region. 

IS. A method as ciaimed in ciairn n w'x-r-jin 
the masor to be tr-aatsd is supoliad io she risgion 
having the radially snnsr ot said paths and bx- 

40 tracted from the region having the radiaiiy owtsi ot 
said paths, the matter being trsnsferrad from the or 
each region wficse annular pati is disposed radi- 
aiiy inwardly of that of anotfier region to said other 

« 17. A metnod as ciswned in any arte of claims 
9 to la, vvn^rs!!! said fluid which is passed through 
said i^eds comprises gaseous matter which treats, 
or reacts wth, the matter in sa.<d Deds. 

18, A methci as claiiTisd in azttr- ■?, wK.irgir 
so she gaseous rnatter comprises cofjibustion gases 

^ich heat ?he matter in said beds during passage 
througt! said beds. 

19, A method as oiaimed in any one ot claims 
a to -iS, wheresn said nu-.d f-h-.ci^- is r?assed through 

mixes vvith, or feacts with the mslter in said iwds 
dufi)ig passage througi) said beds. 
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SO, A rr-smcd 35 ciairaed in any one of dafms 
3 to 19, wii9ffcif! ssfd ffoid which is passed through 
said beds ctwriprises air. 

21. A method as claimed in any one of ciaims 

3 tc SO. whsfsin ssio natter which is passecf s 
fjirough said treating regiorts comprises parlicuiate 
mattsr. 

22, A method as s!aim«d in any on» el &m 
9 to 21, wiiemirs ths matter wmfeh passes Sirough 

sstd freeing regions asmprisas iiquid msmr. fo 
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@ For processing mat!sf ,fi a tyrs^isnt «)ass of ^^af!i5a^ate 
rtiiteriat a si;ostant,3n¥ anriuisr !jroces'=ing (egioo (14; 104; 
iSB) )S j>tov!t)9fJ arts IS prettvafah/ .r^ n.tf Jrj-n^ Of s suS^ntiaitf 
s.nn's-&t sroi;«JSS:r!g cn7t.i^09r hs> iff; a rs.-j-aliy ifif*r W88 
i!K-!(j«e& 3 v/aiSt !?a A fiow 3f Hu d a!-!<i matter to be pro- 
caused ars ati'n;t>ed v. !h« -jrocess.r.g -egicn through one or 
more rt'-sli- iJS ;0S ?!4 CiCi w;ts, tf»& Sow of fiufd 
ae"-,g <:,--(;c;e.-3 ^Je.-^?^i!;v cnu.M^i'-ifttaN ,m ih« prc:cess:"q 
rsQSon !'! (fw r.rocrt5:jr>q ^^^,(..1; ,^^sttsr to Be pr.>-.s-hSsJ is 

for processing Ones orcK-cssirsg is oomptete, tiie procssseci 
tnatler ts wntharawn from tfje Ofocesas^ ne^cti, prsfef^iy &y 
ajitfssnmefit in an exftauss flcfw ot Muid. 
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METHOD ASD APPAPASUS FOR 
PROC-ESSINfS MATTER IN A 
SIJSSCLSKT mSS OF PARi'XCOLATS 
MATERmL 



5 fhls inveistioa coijcerris a. jaethod and apparatus far 

processiiig m&ttes in a tisrtetl^int mss of particaXsts 

Processes in whids matter to be processed is 
enveloped in a Ijeated bed of particulate iRatsriail f or 

10 thermal treatjaeGt have been available foJJ a ntimber of years, 

Currsfiitly, such pirofeesses asre carried out in a5>paratus 
coRwonly known as a fluidiseia bed furnace. A convfintiotiaX 
fluidised bed furnace comprises s housing providing a 
processing chancer which is partislly fillesS 

15 with refractory particlas. 'X'he floor of the chaitiber 

constitxstes a perforate plate sr.d., in asa, a mixture of 
gas and csoisibustion air is forced up through this plate. 

s J^esTilt, the j>articles in th«i ohaiBber are supported and 
form a turbulent mass resejnbitHg ^ boiling 

20 liig^sid. This is the "f luidised bef3*« Heating of the bed is 
effepted either by combustion of the gas/air mixture below 
the plate before it inters i^e chanijer, or by interaal 
cssmbustioa of this Mxtars withis; ttm bed. 
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Matter to b© processed is supplied into the bed 
and jjilxes xrith the heated particles by virtye of the 
turbtjienca of the bed. Such matter is tims brotigiit 
Into intimate contact with the heated particles and, 

5 m this, feavironment, is ^f^ectiveXy lisatea and at the 
sasaa tiroe nmdergoes processing ^ After treatmsatf 
the procssssed mat tar is extracted ftm. th.e bsd- 

In theory, the fliildiseS bed just described provides 
an effective heat trajisfer mechanlsrti which offers 

10 ben&iits xt! d vsriety of tlierraal processing systasns. 

In practice f hcv;cvc.r, the appiLcatiCTs of {M-ixdis=ed 
bed furnaces has b«eis liiaitecl because of difficulties 
over regulating tlte tems>eratuEes and transfer of heat 
inside t±ie b©d:»5aid probleass in separating the pxodsicts 

IS of certain t&ermai processes Stsm the bed at th© 
appropriate moment . 

STieh drawbacks have various causes t 
3;he application of heat to the bed is at least to 
soscae extent localised. ■ And, because the bed, as a whole 

20 regains; static and fluidisation is achieved by & vertical 
flDw of the gas/air jaixtore wi^-hin the processi5:;g chitnber, 
the iatercii ••■ovexnent cf the k'>d parti.clc-:;; ij^ r"T;-ic;.";, 
Corusecxiently , the i;raiisf€;r of heat to some- rraq'.oxis of the 
bed n^ay be liinltecl with the result that a non~^3siform heat 

25 Sistribation is obtained within it. 
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Also, the rasdosi aipvement of the particies tends 
to give irlse to uneven horiaontal siixing of the parti clss 
and ffiafcfcer to be prooessed wJitcfa affects fche ssehajige 
of h^sat between tfee two, 

S Furth0r, the ctsarrents iastde the be^a »ay ?tctivssiy 

oppose or hinder the extraction of ppocessea iasttter r wheti 
solids are ^ostg the prod-acts of the procsess. Si»ce thess 
CHrrents have so fixM direction, the Solids will aot 
riHturally be m&d& to r>vi grate to any particular arsa of the 

10 processing chamber for reaovai, Kor will they hsve a 

nataral tessdenoy to saparafee from the particles In the bed 
-when they are ready foK extraction. Sherefore, control of 
the withdrawal of solid products f roa the chaiafoei: and 
t^sir retention time wifehin the be^ tenilg to be uncertain. 

15 Not cjjily do these factors ia,a3?e for iaefficieacies 

in operation but also they render the furnace unsuitsdjie 
for ajspiicatipns where the coiatrol of tesa^erature or 
re:t.enti6ii time for solids is critical, 

■The present invehtidn relates to a pxocsss in «his:h 

20 Jisattar to be processed is made to circulate, preferably with 
and within a turbulent i»ass of particulate material , about an 
asiis of a processing chamber during treatment. A cent«if«gal 
effsot is thus created which may be cojafoiasd with the 
effects of grav:ity and ia f 1o!k of fluid through the process lag 

2S chaitsber to generate an environitteht where the treatine;nt of 
atatter and its extxactioii f rcsft the chssiber after proGe$$ing 
can be readily controlled* 
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Hars especially J by jneatis oi; ths ir.vsnti.aii , rnatt-er 
to be treated is euibedded aatl centrifrscally retained '-.ritr:.ir! 
a cosipact but fcurfaalent toroidal banS of particles v?iiich ar4>. 
circulating aboiat tiis axis Of the grocesslng chatKber, 2hsre, 
5 . the mattese Is processed and 'wh&a psracessisg is Gotacdste 
the prcsdiicts are aatcsaatioaXly s&paxateA txim tJie 
particulate saass by eiitraiJBnent ia flow of f luic? Xes^riag 

la other words, the prsseist iavfetition is pasrfeicularly 
10 applicable to tha treatment of mat tar whose rspoase to £orc®s 
suds as gravity sbS centrifugal actior. varies on processing, 

*,ccor4iagiy, one aspect of the invention feataxes 
a isethod for prosjessiag ssatt^r In a turbulent mass o£ 
particulate jaaterialjf cos^isiag: 
iS ' gesnerating a swirliiig f low o£ f lisid witMn 

a processing regi<H3sf 

proviSiag partictilate jaat^rlal within said' 
processing regiajjf 

essplc^ing said swirling f Xo» of fluid to 
20 cause said particuliate laaterlal to assuiae a oDtnpaet band 
aBd circulate about an aads o£ s;aid processing region in 
a turbulent maansri 

supplying inatter to Jjia processed into ^aid 
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compiict band of particuiata jaatsrialf 

processsing saisi iRatfcer withio said aoaspacfc 
band o£ parfeicitlate material; ajsd 

withdrawing processed matter f ros!\ said 

5 conipact band of partlctiXafcis jnaterlal. 

By virtue of the invention, each particle travels 
to and fro inside the procossiag rsgiar. along the full length 
of the CDmpaat. band anr. ;\\>:r \ r sing conditions 
may be obtaineid. The xtiofcioris o£ the particles within 

10 the particulats stass are d<sterjiiiii©a by tbe ccatfclnsd 

effects o£ the fluid rlow, gravity, aitd the centrifugal 
forces created by the swirling of the flaidy ajad the 
result is a thorough aad continaous mixing of thsss particles 
and mtter to be processed > on the supply of such laatter 

15 la to the band of particles. Consegaeatly , a very 
efficient* processing operatioa way fee. achieved using 
only a shallcsw^ band of particltsn . 

An iJKporfcarst aspect oi: the invantion is the 
cor.struction of tiie apparatus- ir; vhlcrh the jnethod jnay 

20 be perforraed. Thiss construction is designed to 

promote the f orsisation of a turbulent circalating mass of 
particles in operation and to enoourage nataral 
separation frcsR the mass of matter when processed. 
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Xa cf03seraX t«ms, the appasratsts isoicpptisss! 

lasatts defiKiog ^ stjbstantiaiiy ajanalar process 
regloa for receiving a aisss pf j>a3?tie«l«ts material? 

aft ittiet or inlets for adsiitting a flow of 
fluid and JEtsatter to be proeessed to said processing regioivj 

means for di-recting said flow of fluid 
generally cir camf ©rent i ally of said procsssiag rsgiOG! 

an outlet or outlets £6r said flow Uf f lislS 
mt& for processed Fsatter; and 

gaid Hearts defining said processing region 
beiag j>j:ofiled sp as to ffi^atain said mass of particulate 
jEEtat ferial suisstajifeially in a caa^ct turbulent ^grsd 
within gaia proqessisig Esgioa ia response to said flsm 
of fluid in -use. 

The; j>ref errifed ssstoodljaient has a flow regvslatlng 
structure which is shaped to catis# a variation iss 
fluid velocity within th® subs tanti alls' asmulax girocessiiig 
rsgioii. By appropriate configuration of the flow 
regulating structure ^ suc$5. variation roay be arrE-rsged to 
ealiance mixing of tiis particles internally of the particulate 
roassj thereby snSiancing the afficieacy of processing, 
Myantagaously^ tlje £l©w r<sgulatlR.g structure |>rcvid©s 
an area of reduced yelocltgr in the proeessiag region. 
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in aceordauce vith this ssnboaiaent of the ' 
inventi6h> ptoc&ssing apparatus eacBprisesi 

means definiisg a stibstantially amiular procassing 
chaaber which is radially inw^dly enlarged in a region 
5 between its axial liitsitsf 

m ini«fc or inlets for aaEiitfciag a flow of 
fluid and matter to im processed to e&id proisessisg 
chaMOjsrj 

saeajis for direoting said flow of f liiia 
10 gerierali^ oifccam£er6atiali.y of said processing clian&ear 

to caase matter to be processed to circulate arbuthd 

said processiag cfiaiaber for propessihgr; and 

a« outlet or oiitlets for said flow of fluid 

and for procsssed niatter. 
-^5 More especially, the niearis defining the substantlaily 

annular processing dhambex raay include a central,, fiow- 

rsgulating, structure which defiass a radially isser wall 

of the chairOser and which is foriied with a waist providisg 

the radially inwardly enlarijed regicsa. 
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^Ehers ase nxBseroias alpplications tor thss p^sent 
iisvention, both is tfeermal pioeessing and in 
dieniicai procsssirtg , and also ia othfer fielas such as 
grindiiig. For sjtaiaple, it siay ba, siaployea in 

themsl jjrocssses laciudj^ng the f&sificatiQ& «f splM fossil 
fuels ajid tlis expansion of ©,g. lec&, p^rlita, san^ and ^renidCtiXite. 
It -also has application in the drying of ©attsr by hest/ i» the 
griadiag of matter, mid the jnixirtg csf jnatte-r, 

^Phs invention is described further, by way of 
exaa^le, witii refsrende to the accompajiying drawings, 
in -which t 

Pigiare 1 is aa elefvation, partly in section, 
of a first fiaafeodiBiiejjt. of apK>aratus aocdrdijig to the 
invention I 

Figure 2 is a fragiaentalry yiew of t^e sasa© 
apparatus, again j>artly iii sS<;tion, showing Itt greater 
detail a processing dharaber iilwstrated in Figure If 

Figtire 3 is a;n elevation, psx-tly in secfcion^ 
of a further emobodijtiejit of apparatus according to the 
invent ion? 

Figure 4 is a fragmentary perspective view 
showing a detail of the apparatus of figure 3? 

Figure 5 is a plan section through a further 
esRbodiment of apparatus according to the invsntloiif 

figure S is a "verticai section through the ajjparatus 
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of figure 5; and 

Figyare 7 is a f low aiagjigja of a process for 
expandiiif periit^ eatt^loyih'? the present invention , 

Hef spring initially t& figures X and 2, these 
5 sbovf apparatus accoraiiig to the pfeserit invejjtion' which, 
in this - ins tancss, is smployed a^s an expansion farnace in 
the expansion Of perXlte. 

m« :gwrhace cdmprlsss a generally tabular 
housing iQ arranged with its axis 'srertical. A central 
10 st,r«atare 12 within the housing co-cperates v?ith it to 
define an annular processing chaxaher 14 and a fluid £low 
path IS passing through the ehSBiber 14. Tha flow path 

16 has a Icwes; sectioa IS far supplying a jsixture of 
gas a»d ca!«fcustion air generally tipwairdly into thes 
15 annular ahaiaber 14 , and an Upper seetien 20 fot oarryiagr 
exha«st flaifi sway from ah i;^per regicsn of the phaiaber 
14. 

As Shorn in figures 1 and 2> the lower section 
18 of the flow path 16 is Refined by a funnel-shaped portl?3n 

20 22 of the hogging 10 and a conical portion 24 of the 
central structure 12, both of which widen towards the 
annxjlar oharai:>er 14, Coaseguently , the flow cross-section, 
which is circular at the narrower end of the housing portion 
22, is annsiar in the wissinits' of the annular processing 

25 v chasBibep 14. a?hig aanuXar flow er6ss»secitioh is 

arranged to decrease in area fcdwafda thi? chaiahei 14, 
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WitJiia the nsrrpwer md of the. housing pprtioa 
22 1 tft.ere is a ls«mer 26:. Coa4>tisti£>il air is siippliisil 
through the vtatto^if^t end of the hotislng pottitm 3,2 
M ms and/ tttingling with gas Sxom. the biirfei&r 2S,- flows 

S upwardly to the snn^tiar procssieih^ c^asssber 14, iis a tesalfe 
of the decareasing: seation of flow path, the vsioclty of 
th© fluid speeds up as it approaches tijisj cha-niber:. 
Entry of the fluid ir.to the c^iariiber I'? is 
effected thsrough ac aiinislar inlet opening 28 which is 

3.0 co-extsssasive with thg region of th& fiov? tiatb 15 at 
the upper of its lower secfcioa 18* 

A i^lurality of -yaaes 3Q aire aisposeS i» the inlet 
openihg to iiapart rdtafcloftal motion to the fluid flow 
entering the chataber 14 so that the fluid oirculates 

15 ahtout the axis of the chamber as it rises. These vahes 
i^Orjsj part of a eircular Slsc 32 which f«^ts in the 
tipper end of the housing portioh 22 m<& supports the 
central structure 12 isside the housing iS, beisig »tpa»ted. 
between the conical portion 24 and tha rejaainder of 

20 the central structure 12. Thm vanes lie arO'jnd tlis pm±p'hers 
of the disc 32 and are siroply angled away fro© thai 
reiaaind^f of the disc aJseut generally radially eKt^nding 
lines in the plane of the disc {see figure 2) . Jls 
illustrated ^ each vane 30 sipans the Inlet epeftiKg 28 

as is the riiSdial direction, and the vanes are sguisgaced 
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the chajRber 14 is substantially evenly distrlbuteta 
around it. 

This Is m iisp-csstsrit ffestvssffe of the apparatvis. 

5 The cbajsibej: vJ4 itself is defiHsd between 

a cylinarieai portion 34 of the housing 18 and a 
waisted portiqii 36 of the central stractare 12* 
By virtue of the waist 38 in tlie porticjn 36 of tije 
structure 12, the chamber 14 is radially inwardly anlarged 

10 in a rsgicn botw«er it;^ ixial ends. ^.w^ a r,^ ^, Ac 

vertical coiRponcnc of thr fUiid flov passing through tiis 
chamber 14 is subject first to a decrease and tfaea 
to m ij) ere ass in velocity daring the passage of the 
fX»ia, 

is The ccsBbined effects of the iijclisisa Vanes in 

the inlet openingr 28 and ths waist 38 iti the central 
3tjsucture 12 on the f laid travelling along the path 
16 resclt in a highly ttirbulent swirling f low in the 
^ chissaber 14, 

20 At the upper end of this chajsdser, there is an 

anjiular outlet opening 40 which is cx'-cxtcnslve with tho 
region the flow pnth .-it ^he icwer arc O'' ."ts upper 
seotitn 20. This upper s-ect.^r <r c ^ Us^< rath IS 
is provided by an iaverfced funnel shaped portion 42 

25 of the housing 10 and a farther conical portion 44 of 
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12 

of the central strucstare 12, 2ha faeiag sotfacss 

of the bousing portion 42 and the conicai portion 44 of 
the central stractare are substantlsily parallel and 
eoaxrsrge away from the dSiassber 14, 3?feas, these mejBfoers 

S define <m asiaulsr region is the flow path of decreasing 
cross sectiosal arsa in which the irelocsity of the flaid 
issaresses as the flow departs from the chaiaber 14. 

CSfie or more inlet opeaitvgs to the chaiaber 14 
ar^ also provided In -che wall of "-he cylinc'i-xc^l hov.sirc; 

10 porcion 34. * ehato 4S, Irom :"or ix~npl.j o t'^^o-jj 
(net shown) , leads to the or err ir'^.- *o -.r~ • 
firstly refractory particles aad subsequenti;^ perllfce 
to the jdiainber 14 » 

Operation «f the apparatus is as followsj; 

15 & Eisi»g flow of heated fluid is generated 

within the lower section of the flow path 16 by supplying 
cofiibiisfcion air through the narrower end of the housing 
portion 22, supplying gas to the burues 2§> aftd initiating 
ooBfbastioji in the vicinity of the bTirner 26. The velocity 

20 of the fluid increases as it approaches the oh^er 14, 
On encountering the vanes 30, the hestaS fluid 
„K deflected ix.to tn-j ahaisber _4 ..sJ c;a\:btv.l ;uo rouaLO 
abo'ii the ohanli-ar's s.xxb whilg-.- stii: risirigv Tha ;"1«id 
swirls around ti^ie chor-iber 14 in a turbulent f-iSJiSoEj cixid 

25 then exhausts f rom the chaiaber throygh the similar outlet 
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opening 40* 

Particulate material Is injecte<3 Into th& 
chsB^foer 14 bv way of the chaste or ahutes 48 and, 
urider the influsnce of f j^ia ±n the chsuiiber 14, becoroes 

5 a turbulent Biass heated by the fluid, The turbulent 
mass assuBies the f osna of a ec^aat toroidal band 50 
within ishicsh the parti^iiea circulate, 

COBipiex flows CKScur wltMn this band tsnSer 
thfe cojafeiinsd effects of giravity, csatrifugal actios 

10 and gaseous Sim, aod the particles circulate both arouaa 

the sxls of the cfesnfibsr 14 and to and fro withiii the band 50. 

Although the theory ;behl»d the laotior. of the 
turbulent mss 50 has aot yet be^n ftxliy developed, 
it is believed that the circ«lation occurring withirj the 

15 turbulent raass has a first cojuponsnt flow and in soma 
lastances, but not all, also a second component flow. 

•rhese two ccanpoa^t flows are illustrated in figures 
1 and 2 bj arrbws . 

1?he- first tsomponent flow is in the close viqiiiity 

20 of the srall of the cyliadrifial housing portion 34, jfartleies 
are iif t&d against this wall by the rising flow of 
gm, ssid in the upper regions of the ttjrbwleht mass^ tuiable 
inwardly remaining c3LOiSe to the wall, m the game tim^ 
ths particles are dlspXaced eircumfereiiLtially by the 

25 rotational uffivement of the fluid in the caiajaber. 
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■She particlss which circalat© accordiEg to the, 
second c<OTponejit flow follm a path which is airesctsd 
inwsr^iy ahct iipwardly from the inlet c^saing with the 
entering fXuX4> 3ts tliey re=ich the ismerjaost 

5 eSge of the tarhvileait jaass M, centrlfu-^ai fotroes take oi?®r 
and urge th^ ^tieraliy ptitwardls' agsLin, gifhe particles 
i(to:v«i ostwarSly, snd algo circsanfer^tlaXIyf tmttl 
they BBset aftg laearf^ with the part idles in the first 
cofflponfeRt ilm, m this point, gravity dcssinatesi 

10 ajid the particles drop to the hotter of the bed 
for recirculation. 

Observation of the mass 50 during testing 
suggests that this is what occurs within it^ although ths 
precise paths of the particsies have not been deteminsfS» 

IS It is thought that by appiropriate adjustment of 

the v&lQclty of the fluid flowing into the chasaber 14 sssd 
the positioning of the vanes 30, the cirsulation of particles 
within the cfeastier 14 «aa be «iodi£ied so that the first 
component flow prsdciminates isnd the ssssona disappears almost 

2CS sltogether, Then^ the particles woald flow ap the outside 
of the laass 50, circumfei-entiaily ar.d aovnswardly in the 
'jipper region of the laaar. to its inner arsa, aad finaii^ 
outwardly and iiircumf sreistially to repeat the cyole. 
Xn axiy event, the motion of the parti cist,; 

23 in the toroidal band 50 ca-oses wsry thoroagh inixing and 
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8 wifom distriis^tion of heat threagfaoufe fehe band. 

Once ifclia cirettXatiag ssass 50 has aqgytrea a 
sufficiently Mgh tejsperatore ^ perllte is sispjiliea to 
the cSiajaber 14 by mf of the chute or chutes 48* 

5 f he i^eriite drops into the tiirisuXsat haM md is hel<3 
eistbedaed there by gravity acting on it, whilst It 
mixss with the particles and is heated. 

On heating, the perlits expands and becorses 
increasingly influencea by the rising flow of fluid 

XO passing throsgh the chaKSber 14 dass to ejSiaage in density* 
As: a result, the perlits has a tenaeney to jnigrats 
gejjerallj? upw^dljr to tits top of the tarbuXeht issass 
with the flTiia fioW. Here, it is looatefi: towaras 
th^ axial dehtre of the ehaH&er 14 where the veirtical 

15 velocity of the flaid is startiag io increase. 

The periite becomes entrained in the f luiid aad is lifted 
tojtfardg the ann«lair oatlet 40 at an inGrfeasihg rate, 
bein^ esqpeiiea frons tiie chaaibssr 14 with the exhaust 
ftmes, 

20 The apparatus has two significant advantages. 

Firstly,, the high degree of turbaleaee withia the 
particulate wass 50 and the circulatidJi of the particles 
throughotit the <^ai8ijer li in the circuiaf ereshtial dlrecitiof): 
fiws Jrise to a anlfpm teatperattuse distrlijutidR Mthih 

25 the isass and a very effieieiit transfer of heat between the 
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paccticles^land the per?. .v_s, Secoria];/, rtic iyLlly 
expanded periii;© separates nabaraliy and automatically 
both from the circulating mass and from msittejr yet 
to be fully processed. 

5 A furtfcier md prefsrxsd essbodiass&t of the 

iiiViSRttQis Is illtistfatea in figures 3 and 4. Mthotigh 
th« canstnictioii of tHe apparatus shown ia tJiese 
« if Tares differs from tiisit aXready disc^issed, the 
principle of opetation Is the saias- 

10 This ssnbodisient feat-ures a housing 100 containing 

a c:©p.tral structure 102, and definiBg with this structure 
an a-opAiXsr processinij ch;;r}:>or 104 through which a 
Eluid flew pabh 106 extends vertically. 

As before, t:hG csatral s;truct5irs 102 is 

15 waistsd, providing a radially Inwardly ealargaa region 
in the cSiafflSber 104 between its axial limits, lia 
annnlar inlet opening 108 for fluid is sitasated at 
the hase of the chaaaber 104 and contains a plusraiity 
of overlE^ing yanes 110. also, tho ehas8b«c 

20 constricts upwardly towards an iinaular otttlefc opening 
112 for exhaust fluid and expanded per lite* 

Lower portions 114, 116 of the honsir^g IDO 
and sjenfcral structure 102 respect5.vely , tzusetdsi: de:!ir>--s 
a lower ssection 118 of the flow path 106. \.'iis lower 

as section 118 of the flew path 105 is generally annalar 
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Md decreases in cs^oss-'section as it spj>roaGhes 
the cihanber 104. Ccaafcastibn air stipplied into 
tUs lower; rs$ios of this flow path section IIS where 
a burner 120 burns the air with the gas to geaerate 

5 ::a heated flow of flsild rising into the chamber 104, 
On entering the chamber, the heated fluid 
is deflected circumf erentially by the vanes 110 , 
and wlthia the chaiBber it swirls aM bscaaes turbulent 
by virtue of the waist 122 in the caatrsl st3r«ct«re 162. 

3-^ Xn these resj>ects> ths apg>arat«s iXXastxatea 

iii figures 3 a^& 4 is s«bsfcsmtlAll5f the same as 
that of figures 1 and ^. 

Tm present saibodistent diff srs from tM preceding 
one chiefly in the arrau^^reasent fay s&icih particulate 

15 ssaterial and psrllte are supplied to ths processing Ghait&er, 
and Siaditiqjially: In the dssion of the support structure 
for the vanes and the exhaust section cf the flm pativ lOS. 

In this case, the furnace features a contirmoas 
annular inlet opening 124 for the particulate material and, 

SG later, the psrlite^ Twhich is site^ted In the central 

structure 102 at its waist i?2i S>artieniafce mterial and 
perlits are supplied to this opsaing 124 fay way of a chute 
lie,, and a distribution ^rrangefiient 128 located internaiXy 
of the .central strticture 102. 

25 Hore espeeially, the central structure 102 Is 

divided into two separate parts in the present instance. 
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T&es© cojapsise a .lower part 130 wliiciti includes tihe lowesr 
portion 116 of the jstrttct«»6 152^ and m ispp&t part 132. 
Both pasts argi sus>E»orted by ssid fix<gd; j:eistiv& to th;® ijoasieg. 
The X«4?er i>^rt 130 incXwiies a s33p.;port 134 for a 

5 rotafcable disc 136 eihd a Etotor 13B, feh© motor bsisg operabl®! 
to rotate tJie aisc. The aisc 135 !ias a ce&t'jral btm^ 149 
as shown in figure 3, m.d its peripihery ed-iacides witfe the 
upp«r edgs of a stibstantially frustoconioal outer wall 142 
of the lower part 130 , A portion of the wall 142 serves 

lO as the lower portion of the radietlly iiuier wall of t&e 
qhaiaber 104 balow tfee waist 122. 

file Upper part 132 of the central structure. 102 
serves to stipJ>ort tiie t^ute 126 above the btunp 148 ixi the 
disc ISSji has a frastocohlcal wall 143 providing the 

as upp^r portion of tile raaietliy iimer wall of the dfai^er IM 
above feh^ waist 122. 

Xn tisft/ tha disc 136 is set into jaotioa by th<^ motoS 
138, and particalate aiaterial is aiippiied into the chute 126, 
rhe particles drop onto the buKsp 140 and are fltttig otitsrardly 

20 towards the periphery- o£ the disc 136, 

Frora the disc periphery, the particles fall domwardiy 
over the wall 142 la a tbis aurtain into the chamber 104. 
Thus, the particles are unlfotialy distribatsd aroand the 
efefiBber 104, 

25 Seated fluid is driven upwesrdly into the obsit£ber 104» 

and the particMs form a heated tarbliient toroidal siass 
behaving ia the stasRiner described in relation to figiires 1 and 2. 

fiimnt theoperlifee is iaiected into the diansfcer 104 % way 
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of the chute 126 ana rotating disc 13S. Like the particulate 
tnateriai, the perlite falls as a this csirtaiis into the 
chesnbsr 104 and is evealy distributsd around the chaitiber. 
This prcmiotes particularly efficient mixing of the perlite 

5 with the turbuleat mass. 

Tumiug to f igure A> this shows vane str-ictare 
of the present sjnbodimeut which serves to dsirlect fluid 
entering the cha-nber 104 in a circtsmferontiai direction, 
a'he vane structure co.nprises= an inner riag 144 faming 

iO part of the lower p&rb 130 of the pstetral atraoture 102, 
and <iji outer ring 146 iormiag part of the housing 100. 
The two rings U4, 146 face oiae another asd have regalarly 
spaced slots 148 in their opposed faces . Ths slots 148 
are arranged In corresponding p&lm, one; la each ting 144 , 146 

IS and are inclined in relation to the pXaiie sorfaces of 

these rincfs, a respective vane 150 is fitted into eadfet 
corresponding pair of slots. 

As illustrated, the vaaes thus overlap to a 
significant extent snd define n,arrow flow passages 133 

20 between or:© side of ths vane structure and the other. 

This pro!!!otes a clean flow in the fluid entering 
the <*aj«ber 104, Snch controlled flow assists In sapportlng 
the turbulent toroidal mass above the vanes 110 an<3 in 
inhifeitins particles from falling through the vanes into 

25 the lower section IIS of the flo*? path 106. 

The exhaust seetjLpn of ttie f low path 106 is arranged 
as follows; 

At the upper end of the chasifaer 104, the flov; path 106 
is directed radially into a -scroll shaped upper portion 152 of thi 
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Jio«sisg ISO, wbicfe is hollow. 5he sjspajided periit,© 
lemins the cihajsbsr 104 is flang out^ardljjr Infeo this 
tew^ing portlptt 152 auQ. flows roua"^ it to aa outlet 
Crtot sfecwtt) at its osifcer-most end. fhis stflrliiig 
5 mbfcion af the fl^Jia «ma expanded perlite leaving the 
chsjaber 104 assists its caoryihg the particles to tits 
oatlet. 

^his embodiment of the invention is particularly'' 
advaiitageoisH for a mjmijer of r^ascnfs. ?:;aoh opening 

10 into and out of the chamber 104 erabrace-s its full 
circam£«renoe so that the syppXy of fluid ar.d other 
juatter iJito the chajshsr aad the ex^haust of products 
from the cfeaitibsr ocoars tjiiifomalXy over its entire 
operatimal exteat. Efficient processing is a aatttral 

15 coaseigtienc* pf this* Saother advantage lies Is the 

oohstructiOis atid arrangsJBeat of the raxiBS 110 as mesitioned 

Figurss 5 and 6 show an alternative foj^ of 
apparatias according to the iavesntion* 

20 This comprisfciK an o-atcr hoxising 200. i'he hotisiag 

200 defines a cojabviaticn chaiaber 202 ar*d a lie:;tti« .-^hasiber 
20-S« Within the chaicber 204, thsre is^ a procx .j.sir-g 
chaifiber 20S formed by a shallow, roughly C3riisd--icai, 
hoiXo«t ijo% 208. 

25 ThM housing 200 is arranged to contact the ho% 208 
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at top m& bottOHi, tot so that a helical flow path 
210 ( Ic'Sdi-Tig frcm the cosnbustion chajiihsr 202, is 
providad fostween thy hoiss.ing 200 axid the cilri^UGjfairentlal 
wail 212 of thss body 203, The psth 210 leads to 

5 m inlet opening 214 in the wail 212 as shown* 

Gas and cdnkmstion air ara suppiie<i in use 
to the cSiaiBber 42 where cotabastios takes place, and 
the fluicl then circulates asoaad the csireumference of 
the body 20» before entertrsg the processing dhassber 

10 206. fhe exterior of the body 208 is thus heated 
and, to pro^aote an even teniperatuiJe along the wall 
2X2, a plurality of axinylar ribs 216 are provided. 
The foody 208 aiid ribs 216 are £ons»ed mainly froiu. a 
material such as cast iron or ceramic. 

IS Tlie hot gas enters the processing cheanber 214 

in a generally tangential msnissr through the daiet 204 
sxidf thereafter, initially tends to follow the interior 
of the wall 213 rou»d the ahsfflifcer. The fluid is then 
exhausted from the ehaisber 206 through lan outlet 218 

20 fojased in the top of the body 208 In its axial direction. 

&n additional inlet 220 extends into the chaniser 
2G 2 through the top ot the bedsr 208 and the adjacent 
■wall of the housing 200. This inlet 220 serves 
initially i;or supplyirig par-;ic\3l«tt: ;!!».terial and Bubseqxierttly 

25 for injecting perlite into the chasiber 206, The inlet 
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226 is mrmgmd radially tmss^lf of the wall 212 so 
as to direct th.^ partloalate mterial «nsi tfee pesrlifce 
fcangsntiallf of thm chaxaber , 

I« Dperation, heated fluid is caused to flo» 

S xaxmd the exterior and thea the ir.tsrior of tha 
>?all 212 before bsing exhaissted through the outlet 
218. Parfcictjiate fliatSLrial is supplied isto tJxe 
chasaber 206 an4, under th« inf Itiesice of tihe flsild flow, 
hvLgs tile inside of the wall 213 snd is causeiS to f low 

10 in a turbulesit BiaHnar about th® asaiilsx extB:i:±o-s 

rs^ipu of the pcoc^Bsin^ cfea^ 54ie SlUia 

rotating about the sscis 6£ the diaasber 206 causes 
tails tUEbuieat isass -to rotate and to foe argsd 
eosLtinaally oiitwaraiB aigaiiist the w^l 212 s»a the 

15 mass^^ thsrefore, forms a compact, toroidal hand 222 > 

This baud 222 is heated both by -the t-cajisfm" 
of heat through the wall 212 and hy the. Keat of th© xiuid 
circulatintj within the chsjsfaer 205,. 

Khea perlite is Md'sA to the chainbsr 206, 

20 it is flung fDrcefally otitsfarfis against sn& Isito th& 
turbttlsKt hmx& 222 aaS is heated therein. l-s tfes 
perlitfit eaipands/ it tends to wosik its 'ifa^ to^rssrds tha 
inner edge t3ie bajid 222 anS it fee cosies ^trKijised 
in the ^low of flyid pasging tr> fchs outlet 21£-, 

25 ^The fXuiiS and expanded psrlits are esJiSasted 
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from idi© csh^ober together. 

K process for expajiding perlite ^ploylJi? 
gijresent invention is shmtti dlagristBsaticaliy in. figare 7, 
?v stippiy of perlite in its natiiral oondifcioii 

5 is issd to a <ari«r m& a pr^-^tteatm^snt chansber in a 

coRVentional mannsr. Xa the pre-treatsssiit <jliamber, 
the perlite is heated to a teroperaturs of 250 degrses 
to 3Q0 degrees centigrade , in preparation for ixjsertion 
ihfcd ths S3£p<msion furnace according tcs the inveiitior»* 

10 (5as sM corabUKi icjR air are provided from 

supplies o£ the samss aiid ar« impsileQ Into the 
expaaslon mi,t whers tJi^y aare cosBbastea to achieve 
an intariiaX tesiperatur^ is fcise range of SQO defress t^o 
1100 degrees centigrade. ??he perlite added into t.he 

15 esipansion furnace is thas heated and expanded to forin 
insulating material. 

A stXBsm of hot i^&vt^t f laid s?arirying th-a 
esiigahded perlite and products of coaa>r.5tion is esijiel led 
f roia the expansion furnace Intp a heat recovery unit 

20 where heat is withdrawn jind redirected to the prertt^atSient 
dhamb&x for initial he>it:ung of the peril ta and to 
the cQEdaastio?! air mp:^!.^' pre-heatiK j thiis air. 

Slis cooled exhausts from the e^sj^^^nsion furnace t&en 
pass to a csycione for separating t3ie expanded perlite 

?5 from the f laid and any saiall cont0iroia$nt partiqles. 
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Th& fluid Is expelled into the at-jnosphera 
by of a filter for collacting such particles ^arsd 
the expandea perlifcs is coa.ve.j0d, bjf ^ay of an sMltioiial 
coalsr> to p&skagiKg agGaratss, 

S VsrmlGiuXlt© <jati als* lae expandeS in any 

of tfee furnaces illustrated in figures X to 6 and 
by tjSie ssrstm shi3^#n la f igtir© 7. 

Othesr atppUcaticns for ths invention inclade 
the gasif icatioa of soIi« fossil f^ieis. , 

10 In this instsace, ons of tfee two fumaee^ 

a^scrifoed wiih ref«rsacs to figares 1 to 4 is preferably 
used and instead of arranging for combustioji of the gas/air 
mixt'ure to take placs in th« lower section of the flow 
path aad below the %'^anes in the inlet to the processing 

15 chaniber, t&e mi3stmre is ignited within the tarbtiisjit 
siass tn the dhsjtifeer, 

The Apparatus describsd may also be (aa^lisiysa 
for grinding purposes. The fliiM supplied to the 
processliig i±ianTber Hiay or may xjot then foe heatsa 

20 but the rats of f3.ow tsiust be coftt^oilM to eiisufe 'siery 
rapid circuiatiojj of the psrtiaa3.ate materi^^ in the 
ttsr&alent siass, thmif when matter to foe ssrocsssed 
is supplied to the djamber and becomes embedded in 
the partictilate ssasB, the friotional forcas fsnerated 

25 by 1^ rapid tarbtiX^nt motioii of tlie psrtleies ahrades 
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the matter to he procssssd aud can reSupe it to a f i»e 
powder* 

In i^S5peri.ms«ta:L testing M the apparatus 
shcmi in figures 1 to 4, it has been fo^ind th^t,£n faisfc, 

5 prpcsssing of certain aiatter^ for example per lite ana 
vermicultte, will occtse Is the Afosencss of the toroM^l 
baud of pasrticjalate ssaterial. Sheii, on inssrtioii into 
the processing chajafasr, the matter to be processed itself 
forms a turbulettt toroidal band which is processed, 

15} as by hsating, simply by the swirj.ing flow of flaiiS. 

'Sh& overall operation is aot so ef£xi.ifcjit >«fc neveitheless 
processing can be ecLi-^yt^d^ 

has been ijienttcn**d px&vimitly, al thought ixi 
the described ejnbpdi3»e4ts oonibastlon o£ the gas ssM 

IB air is effected otitside the prccessii.j chairifoer, fhis 
is not essential. Cosibuscioh can h& made to take 
place within the chaasbfir tt desired^ 

Various modify cat l?5as can nls^^ be m^e ia the 
cxjnstrticfcicai of the apparatus. 

36 S'or exaraple, instead "of fowaing th« waist is 

the central struettjxe la the Matmer illustrated in figares 
1^ 2 and 3 by ssbrrangim? two frttstoeoniA-ai wali j>oit;ions 
Of this structuire in ijivariesd reiati<ys and therefcy 
defiRing a precisely aiigled pornsr is ibe proceBsing chaiBJijerf 

25 the vaist njay be defined fey a radially inwardly ss^ryed wall 



2$ 



00688S3 



portion of the central strwatur©. Also, it should 
be noted that where the waist is defised by frusto- 
conical wall portions of rJie central structure:, the 
cone anglej; ci: each ir;ay he either the JsatTve or different. 

S: Alternative arrangertients for the vajies of 

the. two rxjrrmcss shotvu in figures 1 to 4 are also 
possible. In tfeese tsjo ^odlateats f each vans 
is Inclined only aboat a raiaially extending iinsw 
However » each vane tna^ be lifted at it$ outer edge 

10 as well so: that it is inclined both in tJis generally 
oircyE^erential direction of the annular inXet 
opening for £l-a±6. rnxd in the generally radial direction. 
2?his would r^«it in a chaKge in the particle flows 
witbin the turbulent toraid:i.l r-.ass bijt wo-uid still 

IS gensrate a high degree of Tniving o£ the particles- 

A further modification ressides in the provision 
of an additional outlet at or adjacent 
the lower end o£ the atmislar processing chajaber in 
the fumaoes, «f figures i to 4. For sxan^le^ refsxring 

28 to figure 1, the cylindrical portion 34 oS the hdasing 10 
m&Y be soKiewhat enlarged relative to the wider end 
of tSs© honsisg portion 22 and a eubstantially annular 
opening my be created at tShe lower outer edge of 
the prooessing chasiber 14. toy relatively hea^T matter 

25 :o±. particles in the cireitisting band o£ particulate material 
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ViXX hays ® tendlenoy to gravitate! to this region 

ari<a will e«Rse<5iasiitly dtbp frcM the chaisbsr 14. 

fh« doastr^ction bf tiie ftsrisaee shown in figtite i 

maty be aitersdi in a similar saannsE* Suds arrang^jne?its 

5 are aavantageious for ^epa3rat,i;p<g xeXativ^ely heavy 

particles of processed sr mst© mattfir from the tsroiaal 
band in a manner which does not block the asasslar inlet 
opening to tha procesisiag ohmitex, Coiisequetstly, 
these arjcaiigeineiits may fee nsefal, for sstamp-le, iji 

10 instantses wfeerfe th© 6r some of the processed asatter is 
too heavy to be easily esrfcractM f rtsm the jprocssssing 
(dianiber by ehtraiBmehi in &<b exhaust flow of gas or vhere 
the supply of statter tc be processe?! i s pontassinat©^, 
the <3e§crih6d coasts; tictions aiaJcy for qompeiet^ 

15 and therefore eSBily insulaisd, apparatus , k stafcle 
temperature asay be cfctaiaea, within the iirocsissihg 
cboiabsr and thorough mixing of matter to be processed 
arid particles in the t\jrbuliijit Kiass o<-.jurs. fhe 
retention time of stsatter being procestes-.i in the 

20 turbulent jnass can also foe accurately detensinsd to 

obtain the optlsajia reaalts. Coaseguehtly^ efficient 
proosissiJiig can be realised ih a practical maimer. 
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1. ABparatas for procsssing mafcter in s 
tmrbialeafe ai^s of pgsrtiailste material, said apparatus 

ifteans (10,12? 100,l{)2i 308J aefiniag a 
stjJjstaiatialXS' aaealar prooessitig ragioft (14 ? 10 4 j 206) 
for receiiring a mass of jfartS,c«late laat^ialj 

an iiilet or inlets {23,46? 108,124? 214, 
220] far adisitting a flow of fluid and matter to b® 
proeassed to said processing regiaji; 

means {3Q; ilO| 210) for directincf said 
flow of fluid generally circsuaiferentialiy of said processing 
region? 

aa outlet or outlets (40iF il2j 2Xm for 
Bai.& flow of fluid aaS foa? procagsed matter:; md 

characterised iis that said defining sasaiss 
{lQ,12f iiO^lOlf 208) has a j>ro£ile shapad to lEiaintaiji 
said piass of partioiilate material substantially In a 
co^act turbulent band within said processing region (14:; 104; 
2063 in response to said flow of fluid in tise. 

2. Apparatus for processing niatter in a turbTileat 
laass of particulate Kateriai, said apparatus ccssprisisig! 

mms (10,12; 1S0,1G2) defining a sub^tafttiallf 
aisnular prooesslag ehanaser (I4f 104} ? 

ail inlet oi: iol^ts (:28>4€j 108^1245 tox admitting 
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a Slow of f luid and ffiafefcesE to be processed to saM 
processirsf chaiuberj 

means (30? 110) for airecting said flow of 
flaid genera 11 j circansfsreRtialiy of sai4 processing 
chsCEElbet t0 cause saiiS matter to be groc^sasd to 
circulate around said prooessiacf chamber for processilnf i 

an ovstlet ot outlets (40} IXZ) £os 
said flow of flaid and for propessing jaatter; and 

charactei'lsed In that said <ae jiaiag jaeans 
(10,125 100,102) is radially inwardly enlarQed in 
a region betx^reen its axial limits. 

3. apparatus according to clitim 2^ characterised 
in tisat said defining means include a strudture (JSjIOS) 
definijig a radiaiiy inner wall oS sai>.^ jsroeessisg 
qhaajber :{I4 j 1:04) and a&finln'S a waist C38j X22) Mt 

saia radiaily inner wall. 

4, Apparatus o^eim ^X.%i:.^ eharactf ^ised 
in that said stxiicfcariei 102) has tm frusto-oonicaX 
sections Whicfh are invei tei3 relative t» ohe another ts 
defina said waist CSSjl-.w) , 
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5, apparatus acScordiiig to any of claim® 2 to 
4, cSiaracfcerised iss that said inlet or inlets coutpriss 
aa aonuiar inlet opening (28; 1083 to said processsing 
c-hajctber (14; 104) fer said flow of fluid, said 
iaXet openincf being disposed at a base of said processsing 
chamber, «nd in that said directing means comprise 
a plurality of ovsrlapping vases {30? 110) arranged 
in said inlet opesiisg. 

Apparatus aocordinsr to aay of eialHis 2 to Sy 
charaetssriaea in tasat isaid iiaet at inlets coaprisa 
an smiiular i&iet opening (124) to saia procs&ssittg dfiassfeer 
(108) f or said matter to be processed, 

7. Appaxatiis according to claim € when dspandent 
from claim 3 or characterisefi tsi that said inlet 
openixsg {108) for said Batter to be procsessed is,prm?iaed 
in saia strT3CtHre (102} at said waist (122) . 

8, Apparatus aQcotfiing to aay of clalmis 2 to 
c^aracteriged ia that said o&tlet or oiitlets conjprise 
an annuiasr outlet ppsiiing {40? 112J at as uppec axial 
end of; said proosssittg caiaitSbear.: {14? X04) . 
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9 , A n&thod for processing aattfef ia a 
tttrbuleat laass of parti oa late !aat8rial> oojnjsrisisig! 

generating a flow &£ f liiid within a processliig 
xregion {14? 104; 20#h 

proviaing partic«iat« leaterial wifcfeisa said 
processing region; 

eif^ioying said flow of fluid to cause 
said particulate! jcsaterial to circulate aboat an seats 
of sais5 prooeiBSiiig re^ionj 

supplying scatter to be processsd ihto sAxd 
p^tieiilate laaterial j 

prcKSSseing s aid matter within saia pairti.eulate 

mater led J 

witiiajrawiijg prpoessed ittatter from said 
particulate sjateirial; and 

characterised h-j causing raid flow of fltvld 
to swirl within said processing region ;ind employinc, 
said swirling flow of fluid to cause vsid particulate 
jsatieriai to aissume a ecsnpact tttrbuierii: toiand. 

10* Si ingt&od ac^^ordihg to claim ?^ chaEectejrised 
by defijiissg said prooessg ing region wi-'^hlii aa anRuXar 
j^ocessing chamber (14? i04) and dlreoti»f a supply of 
fluid gemrally ctrcusiferentially into said processing 
chassbey ^d irarying the yelocity of said fluid ip the 
axial direction of said pro csssinf cbsjaber to generat© 
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said swirling flow o£ fluid aaa to cause said gartiealate 
material to assoma said ecsaipact tttirbttlest togex^ 
Mrdalate about salS axiis, 

11 ♦ a jaet±Loa accoraing to claim 10, characterised 
by defining a waist (38? 122) in a radially ir^er wal.l ' 
of said processing chaaber {14f 104) for varying said 
velocity, 

12. A Hietfeod aceording to asiy of ciai^ S to II* 
characterisetS by ^eiieratijag an axhaust flow of saiS 
fluid and entriaiiiiag- said jarocsss^d matter in said 
exhaust flow of satld fluid for withd»awiftg said processed 
iaiatter front said compact baad. 

13 . h ffisthdd acopxding to asay of claims 9 to 12, 
charactsrlsed by arranging ^aid processing region (14? 104) 
with its axis generally \-ertical, and causing said 
swirling flow of f Isid to pasis gsjisrally vertically 
tlsrough said prooessin^ regiors. 
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(g) Hesi»R0 matter. 



a gaseous trsfxtsre, which is reacsabie !o psoducs 
hsat aJ a tempsrsture sbom ihai st whicn sponia- 
rtsoos tgRitsen occurs to a h-sating zone such that tSie 
gaseous mixitire mscta to p!t>V(de s heatad ffuid ftow 
in said heating zone, and sypplymg nnattar to foe 
hsated tc said haaSing ztsne. 
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HEATING mkrrm 



■^^ i! ! r f^!f»8s {ft 1- ilrg r t* ' 
- rti t a v ir J* rl ex-ib velv ci^'O >, t 

1 Specpcattofi EP-B-68853 and oope^cfmg Bfttisn 
Soeciffcaiors Nos 22026 !8A, 2203673A, 
?20bC49A anci P211597A. artci m nvntcb rnatter is 
moved in a bsod corstewoasiy alon^ anraiiar 
path in an sRrsufaf zone oy drscfifrg fit«d fiow snts 
th- Tfi'^K, o\^f *bf5 sn-uia' exeni frereo! *!!(■! ixfSh 



oatweecf me hasted fi«(d and smattsr as the hsalecf 
J ce-ses itmigh me csai'd Shsrefay heating the 

matter. 

A gsseous mwtufs whch ss madaois to pro- 
dijce beat may be tssaci to oravids 9 hsated ^utd 
•"cjy fof 8xaino>s the aseous miKUrs mav ba a 

an aff-gase<xfs iuei rrnxf.uf;;. 

abov? 0fCiC«£S of £K-«3ucif'g 3 ^'eateo 'luiC "ow io 
be 8>{iC!e!ii in a metrsod o! heating rnattef as ds- 

through a banc of the nattgf ^hicn is .-novrng 
coniinuousiy along ao annuisr path in an annular 
aofie, the rsaofton whici? proiSyces the tieatefi fltsicJ 
fiow showtd occur if tiis lore and must be rapid to 
Sfisore that t!ie reaction , -^.-^'^'^nt'ai'y toT^DJ^ted 
Within ttjs extent of iiie . - - - ■ ^v.'^jj^e ■« 
typtcaiiy SOmm deep. 

We hava found -nat '^r- k'^^--^--': ■Ai.-id '^actiST 
cssr be ^c^s-^vcci oy supciyinc; ii-'5S gaseous niixSuts 
81 3 ^err-sersiure aSovs thst a* *h=c>i fuol dis- 
sociation occurs such that spontaneous ignision oc- 
curs and no fiame frosTt exists. 

Tf» Immm in fts tsroadest aspe<a irtciudea & 
rfi--3&iorf of sweating mattssr comprising stiopiymg a 
gaseo'j'S ^nixtuf? *-h=ch is rssctab!--? to p^cciuce 

nsfius ■gfi'fiOi"' occurs, to a floating cons su-rn ir.ax 
ihs gassi'^s mixtors rsacis in said heating zom io 
provide a i^ated ttuid fiow th^fsin. and suppiying 
matter io hs heatod io said tiesiing sone. 

AdvantageoysSy ti^e reacto uSiised is s com- 
Dustiof! feacbon and the invention aSso inclodss a 
mstiioc of neauiig rnatter comprising supoiying a 
copiirtisttoie' ^aseous ■v.ixtufe ai a temperature 
asx've ssiat at -.vb-at spoataneoiiS synision occws io 
a !ieat!ng 20ns sucii iiiat a ratribostior! reactiofs 
fjcciifs in S3!ri hEfasHig sono !o provide a heated 
fkifo i!ow tiierein and sijsjpiying matter to be heatod 
to sad heating sons, 

Furjijormors, in presentiy prefenred embods- 



fi-'urs s 
'letl'od 

o >iedi)r fi 1*0' roi'icn ir<; p ,(f ornbus- 
Iftjie ai'-gasfcous t,<?! n^ixtirs at 3 tmpefatats 
« aisove that at wiiic^ spaTtaneoi,s >gnticn ct the 
gaseous fuai ocvura te a nsaang zone suc^ Sia* a 
sombustiofi reaction occurs in ssfd heaSng zone to 
prowds a tisated ffuid flow tfisrsin. and suppiytng 
said matter jo saro oesljng aone. 

u,. „ J <, 3pplc3^^,^ jo -tier 

=> t» t ^ [361, a / an 

oscroec i^'- -sod > APt--' 
r <• "->3fe"- tro/cd r n baui 

> V * > sSrd ZC'i ' fr& 

Cinr= S! &\*srt tfi» &c ^ t^" L>ch ctrcyT.'s'ent s" srd 
vertitai ! «w compono'-Es, said * u(d ^"ow cotspt s ng 
satd gaseous mixtoro over at feast a portion of the 
anru>ar extent c saio zone and fris isaction thera- 
ii 0' sje-^Q wij^'a ah '"^npf^tea ts axtent 

> / > u f > .a ■* j3seous Mfc- 
^ufs ovor flnnuiar e-<tent af saia zofse. 

■JTie master may oomprfse parliailate materiaf 

25 whicn forms a rsstost^t iied mowng in said t)and 
aiong said swioisr path. 

The gaseous mixture may be directed into s 
fesi annular region of said annutaf aone, wi5ic!l 
region Is conSigaous with and disposed inwardiy of 

,13 a scccnc annutar regiijn of said annuiar sole such 
'."la; fSid 'sactiotj occurs sisbstantiaiiv ir jgid *!f,-5; 
aiiruiaf 'sgson. and ssid matter Citct^iatso be- 
tween said regions whifst rnovlng <o im band, 
in smtjodiraants of -M snvenson dasctibsd 

:iit hsfeinafter gaseous miicitjfo co.norises an sif- 
gasoous fu^ nf«xt!if8 and the fioid fiow is directed 
into said annut® zom through an annular infst 
cemprisiRg an annular array of fixed inqfined vanes 
anranged in ovetlapping rsia^nshlp, said gaseoss 

40 fi.toj !X!if<g mixed with fi®3Sed air immediateiy up- 
;;'-<• r,!^ :r ;e<jDective passages defined tsetweso 
i&a ^'ones a.id corribusSon occorrmg downstream 
d said vanes. 

Pnsferabiy the ajs-gaseosis ftje! sibdure is con- 

^ fined stsbstanSatiy to sho rogion above tiie vanes by 
directing ■^especitve flows ti-Tough said aonuiar in!f-t 
at the 'acia'Sv snner and outer edges t^sreo' u'-^^ 
(adiatiy ootviSjdSy and 'adialiy Twaidly 'tew coi-i- 
ponsf^ts respsctivsiy, 

S0 The gassc'is *up! 'tsg; turnpfise la-uKiS '^d^., 
and in an otiboair.ersj 0' ih-i 'v,'ef-*'(5n jr. atr- 
natyral gas mwiure ss suopised at .-3 terrfSKati;--? 
greatisr tf^an 7WC. Tiio ■©mperatuto of tn-s 
tvtre ss olJtalned by mixmg the naUtrai gas with 
tiaated air ai a temparafufe of less than about 
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■OGCrC- for 5x*rnDie bet^^aen 850 and gOCC 

In order ihsi ?he ifiveiition may be isettsf uncief- 
stood, sonae emSjodiwnts Jhs-fwf wiii now Sje de- 
scribed, reference being had to ths accompgnying 
drawings. «i which; 

f^igijr? ! is a graph showng ths effect of the 
tsmpsratars of an sir-gasaoiis fuel mixJure on com- 
bustiOfi rase; 

rigur? 2 :s a scho-nafic axiai Cioss-ssct;^ of 
an ^par oius tor hoating -Tiy-ts: : 

Bguf6 3 is a cross-secEsa's aiong she iir^s i!?- 
f!! of Rgors 2; 

Rgure 4 shows portion indicatsd by iV in 
Rgure 2 to a largsr scale and in mors deiaiS thsn 
Figure 2; 

FigufS S is a sscSon taksa aJong she \im V-V 
in Figure 4 sfsowirvg tour biades of the ajjparafcs; 

figure 6 is a top, part s®!io« view three 
Wades of the apparsEius; 

Figiirg 7 fS a perspaclive view of a siftgfe 
bf^e- of apparatus; 

Figure 8 is s schensatsc top piian view of 
another apparatus for SieaSng matter; and 

figure 9 is an axia! cross*sectiori of the 
same apparatus isk«n along the tine vui-Viif of 
Figure 8. 

Refsnrirg first to F-gurg 1, ttie gffsJCt of ths 
tsmpsrature of s ccoibusiibie 'iir-cjsssrxjs ■r^.'vK- 
•urs p!ior So coFTiDusilon on tha rate of combustion 
is indfcatad. it wiii be noiod thas cc-mbusjiofi the 
rr^ixtufs at the iowest tampsraturs A ss comparS' 
av§iy siower than combustfof? of 8ie mimrs at 
highs! tempsratufss B Sfid C, the t&mperatiir&tims 
•"^j.-ves ir; iJ-iO tattsr oases being substaoilatty J- 
s^'5•:$ci. IhEi ic-'mperjsitjrfs geri^rated by ibe coirsus- 
!)on risin;} rapsciiy soon af-sr comousSiOn ccmirsn- 
cgs. in the ernbcdif-onts of ths crssent ;nse:-.tion 
described hereinafsst an gir gaseous f;.!e! irsixsuro is 
ijro'vided fof cof^ibussion 3" a i^mpsrature siiove 
that at which dissoosstjor; o$ the !ue( occurs so that 
rapid comtitistion is sohiaved. 

Referring now to Figufes 2 and 3, m Situs- 
fratsd appsratiiS comprises a chambar 10 havirsg s 
csrcuiTiferenSia! wi'i n? which is dispossd rsdiaHy 
Giilwardiy of an annuiaf snlst i-i. The w&U 12 Siopes 
foivards rhe anntiiar ioiot. and as shown cooipris&s 
a c;yiin<3ric:«i porticfi "i 6 •"5>:ter!ding upwardly frohi a 
sloping rx>rt|on 19 in tfis iiiusirattsd i^paratos, the 
siopirg portion IS extends aownwardfy to *s outer 
sdga of the annusar fluid iniet. 

Within ihs chamber 10 fhors is a firs! anniri^ 
r-3g!on disposed above the i^myiaf intet and des- 
iQnatsd Z2 m Figure 2 ;3nd a ssoond annutar region 
contiguous witt; She first annular region and dis- 
posed txsSwesii Siiat region af?d tte ctroorriterentiai 
wai; 52. Ths second rsigion is disposed above e?8 
.sioping portion !8 of She wati In ttss embc-dirngfit 



The ajipsra-us liso ir,c:it;-.ie;. f:!.5ar:s for 
ing fluid Ehfoucih ;ho arsnotar Iniet t4 with vsrttcai 
and oirearsifefsntla! fiow cohiponents. The direction 
of She fluid flow through ths irsiet is Indicsied in 

5 Figure Z by arrows ?S and 23. The i-ow of flijid 
ihroiigh the Inie! :i sut'^ ihst it A-iii move n-iatter ;;i 
the chamber tO in a bar^d cornhucjusiy sior.g sii 
aofiLilar path in in^i --Ggtor^i. 22. ?A. TSiiri ;TaSSi3r :s 
mo-ved v9it:C3i!y 3n<i circjm-efentiaiiy -.vhiisi in -he 

10 first region ?2 by v-.^ flow of fluid 'i-ioroin, is r;-ov5sd 
out ot thiS flow OF tiuid in ihs first r&gto.i into ti^e 
second rsgiofj by circonvferential force sod is di- 
rected tjack ir>to s.he Srst regiort by the siops ta 
The movement of the matter into jsnd out of the 

IS f!ow of tiuid is indicated by arrows 30 m Ficiure 2, it 
wiii be understood -.hat wnifst m manor -.s bsing 
cirouiated as -ridicatsd by arrows 30 .=j!so 
moving ii the Circumforentiai direction i^tirthor- 
more. It wiii be understood tiiat v,nef> the mactsr 

sfS moves into the Oijtsf annular region 24 it is not 
subjecsod ifioroin \o ih.-; iicw of fiiiid and fails onder 
gravity towards ths annular intet S4 whereupon it 
re-enters ihe fluid ffow and is moved oirsitrmfersn- 
fiaify and vsrticaiiy by ths fluid flow (.herein. 

25 Trie fiutd sstts ths cha^nbsr 10 upwardiy as 
indioatsd by arrows 32 aftsf it has passs-d ■firougt: 
ths asmifar region 22. 

in ihe iiiustfsted apparatus the chahiber lO 
Includes a sncono circurrifcrerifisi >vali 34 sxiending 

30 upwardly and dispossd rsdialty ;nw.5rciiy of *hs an- 
nular tiuid inlet t<j. This circumferentiai waii 34 has 
a stops towards ths annuJar fiuid Inlet such that 
mattef ihtrodaced csnlraliy iriso the chamber as 
ir!dfcsted by arrows 36 wiii be directed info the ^irst 

3S annuls-' region 22 above ino anntiiar fluid imet 1 4, 
W.i^ilst Sho v!,noio 0' she $oconri oircumteroniia! waii 
is p.'-oviaed wifh such s sicps in ths em&odimont 
and tnis slope sxisnos to the radiaiiy ^nner edge 38 
of ths annuiar fiuid inlet 14. it ss to be understood 

■10 iha! only a poriion of iris circu,mfsi!er!ii3i wali 34 
need tjo provided wtn sucf! a siope ana that sfope 
need not extend to the edge 38. 

Fieterring now partitajiarJy to Figures 4 to T, the 
rtsaaf^s for directing fluid through the anriutar iniet 

45 14 with vertlcaf and clrcumforentiai "ow compo- 
nents in the iilustratsd apparafos cornpr;i:-;s an 
annular array of fixed inclinec! vane-y 40 ■%'f3ng!jd 
overtapping raiaifonship, and doiining snf.-sbetsvtj.sn 
respscSvs flow passages 42 wnlch s.xiend veriicciiy 

iso and drcmnfersntlaily. .A oonion of 'he -annuiar airav 
of wanes Is schsmaticaiiy liiiistrsted in F:cjors 3, 
however it is to uncsrstood that ths array ex- 
tends eompletsiy around the annufar miet 14. 
EaciT vane 4t) is part of a respective blade 44 

ss which is fjest shown in Figure 7. Adjacent biades 
44 nsst together as iilustvated in figures 5 and 6 
so as to dispose iiw vsnss in ovsrlapphig rsiaiion- 
ship with She passages theretjetwesj?. Each blade 
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acd48ox<' n f.i-ad{ f ot (id f!v l 
radrastv imisf sfces ot its vans 40. His srfe vanss 

46 and 48 oi the oiacies ovsfiap so datoe thsrs- 

hetween re p^tv tow ot-^gs SO and S2 The 

c 5! i; t C .^ot C " ^ 3{ 

h 'It igi th T 

■la hi ^^f'l "^i-iCi 



■adiaiiy 



o •! -1 C F to 

frf ts-^i nttaii <^ in tar r-SQioi 2 bo 

ttl8 VSfiSS 40. 

The oiades are provided wfth taotaiiv outer and 
rdcwiy wer ountt^ .jo>* n 4 ^..f fib 



r s t)4 me or* on SZ »xiend \ rtic % arid ar 
prcvfdsci ors antv one side s? the portion 62 irt tile 
titDstrated bisde and «sftn«s wrth fiie pisjn op^site 
sftj "6 f^9 pofijon 62 of ars iadjacer>t fotad 
<- V ey*^ 1 i ic f!i '^t.'" P*^? Raff's % ? 
-^i iw 0 > r I'* l-^v pa af<§ '-0 

^ ^ f3 or v03<l w " -jc 

? '-n s r 
eridf e-tj r«t. c ot f s fTOv.f i "or 
to '4 an e -jin "8 a n ri with the bore ^'3 arcj 
sxtsndsna tn&rstem Ihroysh tns remamina portion 
5 8ie noi-Rtfr tfisof 54 joto the rtsbed 
^^r 32 aic ^rntr-ate st^o oJ *e -^oam q 
pre i, tf--* fiboO' porjton ®? i^o = 
roiip t ope-' he -^ifm -ide fe the r u 
qed fj 3p 01 > ^ 

tfie omsr Side. 

c t. ! e iL.0 tj ? or 1 ai! r" 3 b!30C= 
4' each upe *^6(o po«d«ci wth sdiai opefJings 
ssraraaed to suDpsv gaseous iSuid to !hs few p^- 
«a'^e«- eMed fNs '3!ad« jn wMch tnf p.oe 

9^. to 11 r t a r i.-^ ^ r^aitu 
li d ex«« i> ^1 m a K i!Uo 
me chamber, 

« *i« tfi j'l If ' 

rt f iOfc 84 b *t a^'f jiar nh' H 
ar»o to flow tnfOMh the oassaae means S8 sefmed 
isetween adjacent biases m the passaoes 42, SO 
am s>2 deftned betvsfsers ths variies ot those Biades. 
"h dir m(xs« >(ifl(h qa<!$ou Hi 'ron iH psoe "'0 
io rm a h as gaseoo tuei mWurs m the 



^■T- 8 3n 1 DiKtui-Q is combusted 
or 2'' of ihe cSiar^bsr 10 
abov-is ms snfet H, The air-oaseous fuel mixturs is 
> eate p! or *o "orp ustio j y the .Tiixing of the 
gaseous tuei with the heated air to a tempraSure 
afaow that at which ssontaneous Ignition o? ihij 
osseous Juei occurs suet? Snat a rapid combustion 
eartioo c<-!ji «^ osplap-^ neisirbefoje in con- 
ftectioo wnh f- ip ?m of coi-nbustior is 

L i « »j c ty of Ihe sir mixing 

<: m ^8 fL=3iD5: propagation 
' ie e Uitirsg flo*- is abio fo 
move .natter in a Dana asona an annuiar pa!h in the 
chaftii)«r H}> c»mbuat!on occurs, and is sufostan- 
tisJiy compietsd* within the extant the band, that 
be we the mxture pa se through the mafter in 
She pn /(j *i !H Cv ihs gsseofjs fuei is 
r h f " >^ cfs*tiy upstream of the 
d go<; 4,5 rr^«t r, } -"i^iistion -occurs down- 
stream ot the Dfades 4-'? and accoixiingiy thsy srs 
not 4subjecs3d to mo niti hm. of th-j ccnbusii-sn 
reactofs. 

The b ve de<=c (bed ©mbodinient is particu- 
a ! J. 1? fen hsatirtg msttsr compf is* 
no a oar-icutate r^p.-sriaf whtch has to be heated to 
orsaoteTtTiin^Jd lemperaJure whicS^ Is at or ijsiow 
the 'e-^per tore it which fast -ombustion reactions 
'^cr^i.r r «hic*i ! advef^efy affected isy being 
mv «'tjb}BC*ed fo •ernpefSferss above that 
r-'<sf mrifK! empota ( cfuring treatment, 
ii^ >i t, pi at 0 *he combi;5tion rsactior. 
o<-c f Ui^ t.^'^ii V he ftr t annuiar .'egien 22 ift 
the t,tJ8nbfor 1^* Tie partjriitate matter so be heat- 
ed ts siipptfec! to the sianwer csntrsily thereof and 
iS ted to m regjon 32 by the slope of the Inner 
ctroumfersntei 34. This partifiuiats material is 
Jher" ro sd n <s bani cop'"'yousiy aJong an ao- 
ft a patn T tie 's ^2 and 24. Tfis pasticiiiate 
! nf^^ / and -lircunrfersntiailv 

0 i t r i e rs- fgijion. is -nove-J 
% T 3i-:5r! :ntt! !hC! ES•:^:^r!d 

I" ff It c re snc- :s Sh&r-sait&f 
'<ifrc f £f a K ito -+ «qwn &y the slope !8 
Of ihe outer circumferwiftaf wal! 12, Thus, the par- 
ticufete material !s moved in a band conflmioosiy 
aroufJd th*> regior?* 22. 24 whilst ijoii^g circiiSatsd \r. 
tt> an etween ie «-q ^i s sucii that 

'T'ov It an f seated flow duting 
•TOvenienE around the rsfjions, 

vil Ot 'jkfec t -at a;- -ixi ajiribusfiori 
ea r nar jf-oc <;a from She vs'aiis 1S 
a 4 ie t, t T td ?i^e Ssmssrati-re ot 
the i^ogson 22 aoei tfisrefofe consaci i;v the par- 
ticulate matter of these walls does not adversely 
aHect ^ matter. 

Aithou^ the aisove-deiscrsbed embodiment is 
aoplicaijie to heatino many Sypes ol piartiaiiate 
TieEtts*' parttcjisj j^xamptes ot its apjdication are 
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fte tjsasirig of psrfite. siais aixs clay tc sx^iid ai« 
same. 

Rsferriftg new Jo Figures 8 and 3, fters is 
itfostfated an apparatus fof heating matter which is 
skniisr io !he ipparaSus iHustratsd in Figures 2 3!id 

';gL"es de-'igncitiS iik-s or Sirtiilar psf's. Tf^e aiwtfiar 
!i;-8{ 14 :S spdnnad by en anruiaf airay of inclined 
vanes 86 (oniv a pcj<1icn o! ar^sy oeing siiown 
m Ficiuis 3) *i'i:cfi are- erefgrafcly gf-dnged in over- 
lapping reiatiQiisiiip for dsfscting riuid flow into She 
annufar zone 88 above ihe tniel 14 with both G^^ 
cumfereotisi and vnttioal ftow components for movr 
ing a resident b«d of partfeuiaie mattsr in ihe zone 
3S cofiiffiyousH' Siong an annuiaf path irs a coirspact 
b3r>c5 30. 

He5;3ct a'f is causf=d ;o sA-irt about annuiar 
chaTiirer 34 bertsati^ She miof 14 ana to fiow be- 
t.we^n ihe vanes 86 ;nTo ;ne 2Ctie 38, Tt;is air 'rssKEis 
witi'i gaseous troiTi iuei p^pss 70 mmBdiaSiJiv' 
upstrssm o* tne vanss to fcrni a heassci atr-gas- 
soug fuet mixture which iS com&sned in zone 8S. As 
(n the prsvious srirtbodiment m heated mixture 
prior to combusfiiSrt is ai a te!t)pmturi& stwve Jhat 
at which sp<jRtan«o«s oi the gaseous faei 

occurs such that s rapid combustion occtirs. The 
rate or coiTiCitsSon is such that combussori is sub- 
stsnfiaiiy ccmpieteo wi-hin ihe sxteni of tns isand of 
[>ai;ir!ji3Te tnat--)r forming ti-ii; reslderi'. i3ed. 'huS 
efficiontiv titJaiing that -r^cittst. Furti-ier matter to be 
hsstsd .s either addsd to ths rssidgfi} bed or 
pasasd tiiereShrough such that hsai is transferred 
tc the further matte-r from tfte heated particulate 
■Tistts^r of aig bed. This iitrthcf matter rrsay com- 
prise gases, iiqiiids or soiicis. 

i)-! ths case vv>^<>;-s tne iur-her rnAtte-- lo 
iisaisd IS a gas, the neatec! air-<;ssgoi.is riiei mt;<- 
•urs ss passed througii tfig bed aSong portsfjn of 
insf i-nny'ar s^fent p: th§ ^one 38 to r-eat bed 
arri ibe ga? -s pascs'T thrcugn the Ped aiong 
sno-her portion of the snnuiar sxtsrn of the sons 88 
to b6 heated by ths matter \n tie bsd, 

One exampis of sofld matter which may be 
heaied by being added to the resident fcred is fir® 
Dowdsr 

The apparatus snd rneihod dsscrtt.isd six've in 
coiinection with Figores 6 ano 9 may be io 
hsat (natter, especiaiiy particutats matter ditsctiy 
vvithoDt the US9 t;f a rsisiderii bed. Sn thss case it wiii 
!>5i appreciatod that tns tsatter to b3 tisated ss 
!ri.troduciJd into the zone 88 and is moved confinu- 
pusiy aiorig an annular path in a compact band by 
ths oasssge of tt>e heated fiuid flow prosrfdad by 
the comPustion of tha heated atr-gaseous fuel mix- 
ture through jh$ matter whilst heating it, 

it is to J5e onderstood that an arrangement oi 
nested tilades with iysi sparge pipes fifted So al- 
fernate tsiades aubstafstiaiiy as describiSd in con- 



nection wth Fitjyies 4 lo / rr^ay I:-? "le 
apparatus shown tfi Rguros 8 and 8 instsad of »ie 
mote simpts oveiiappirsg vsne arrangsmeni sche- 
maticaiiy iJiuslratsd. 

5 Mhougn other -gaseous fueid. ?!-!Cf^ a? orc-pang. 
mettiane s'-'-i vac-.o-jrtrgd <>'■, may b^? ussd. in tiie 
emfxjd.'.'Tif'fr.j •jesci'W.ti si^ovs tt?.? ■jass=.-;tjs iu&l is 
natural gas and tii? a(r-i-ia-i.ir3; gas rt^ixture erict 
comtjustio!' !:> at = tecips-atuiis atsove -jO"C 'iV- 

?e obtain si;cii a ■Ti>^tL;r'^ ;crnoer.-tur.-j tn.-s «!■ ss prefer- 
ably at a tempetsty.'ij of h^stwesn 850 a.nd SOO"C. 
Other air temperatures tnay be used, but i; iias 
tjeen fouipd ^at at air temperatures aixive sdaout 
10O0°C carixit^ deposits are -liteiy to form in ths 

ts fuel pipes 70. Thus if advantageous to use an ait 
Sampesattite oi isss than sboijt iOOO^'C. 

Aithough the emDodttsients have been de- 
scriped JtJiiS'ng a -v^ated air-gastijus iu& ■!l^>^tuf■^ 
to provide s iiesied fiow. other comijussiPis gas- 

;-o aous rtvxiures or gaseous mixtures wnsc?* 'eact to 
produce heated fiow and whose reaction rate is 
typified by a substantiaity J-sha^jed 
tSEnperatureffime curve which the mismtre prior to 
cdmrnencemsrtt of the reaction is at a tsmpersturs 

ss above that at wJ«ch siSPhtansous ignition occurs 
maybe «s^. 



Claims 

t. A method ot hea'Jng matfsr ccmprising sup- 
plying a gaseous .mixture, whicti is reaoiabia to 
produce hsat, at a terriperature above that at which 
spcntansoits ignttion occurs to a heating zone such 

J5 that 8i6 gaseous iTiixture reacts to provide 3 ideated 
fluid fiow in said nsating sone, and suopiylng mat- 
ter to be neated to sase heating aone. 

2. A n^sthod of heatinc! m,^ner ojjfrsDrising sup- 
oiyirg a cr^m.f-.ustitis aa.sooi:;; m:.fli;rc. at j Xavr.- 

10 |^sf,Jt,.:f..3 at-'C:"/'? ti'tat 3t whicii soor!ta,nec"j? ■grut-o'i 
occurs to a fisatirig ^ons such tfiat a con^buistion 
reactiofi occurs In said heattrtg zona so provide a 
heated fiuld fksw therein and supplying matter to be 
hested to %M heating zone. 

45 3. A .nwtbod of heating matter comprisina sup- 
plying a combustible air-gaseous fusi .rnixture at a 
temperature above tiiat at which spontaneous igni- 
tlofi of the gaseous fuei occurs to a heating sons 
stjch S^as s comtjostioo rsactioft occurs irs said 

50 heating zontj to provide a heated fluid flow therein, 
and suppiying said matter to said heating £ons 

4, A method as claimed in claim 3. wh-srein tf^e 
air- gaseous fu«l mixture is provided a; said tem- 
perature by mixing gaseous fsjei with heateo air. 

55 5. A msihod as Caimed in ar^y one of 'i^e 
preceding csaims, wtisfe;:! tii-s matte: to itkS heated 
is movec! it! a Pa'Kl continuotisiy aiong an arinular 
path If! at^ atmuiar ^une by directing iiuid flow ;ntc 
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satG zam over the arriijis.' oxtst^t 'ri^^r-^o' v.^'i^ co;^ 
cifcumfsrenfei and verticai iiow co!r.oc;:i-3.':i,-. .-j.iid 
fiuitJ fiow compfisifsg saici gaseous mtxturs over at 
ieast a portion of tfts annuiar ©sdssit of sjsid zong, 
and the resc!5or> sh^reof being sufcstan^aiiy com' s 
ptetecf Within she extefJt of said band. 

6. A method as cfsimeci io daim 5, whereifs 
53:0 j"j;d 'ii^w conprisss said gaseous fjiixtunj 
ov-5r ih? jjirsu'af extent cf sarf :m&. 

'/. A methoii as cisiweci in ciaim S or S, 
wh^jfsifi said mattsf comoiises sarticwSate frsatariat 
wfiieh forms a residem bed moving ifi ssJd barid 
mng ^ annuiar path. 

8, A maShod as ciaimed in daim 8, whemin 
said gaseous mixture is difeetsd mto 3 first anntifar js 
fS^fCT of said anrtjj!af zone, v/Hct: region is contig- 
uous witfi a^-Ki dispos'50 inwardly cf a stiironc- 
nular r-;o:or: ot Sa^J ar^'iuUif ^0f■•3 st;f:M that f<-,td 
reactsj'i) c-ccuf? ^uostantiaity :n said first Si-inuiar 
fegion, and saia mstte' is circubtsd betwersn •jrsid a<j 
refjions wtuls! rrsrsvirig ir's s&ki band. 

to S whs:f; appsridijci to C;slrr. 3, wh^rgin sasc! Huia 
flow is directed into said antsuiar zone ihrougli an 
annular Inlet compfising m annoisr arrajf of fixed ss 
incsiosd vanes, sad gaseous fu«f being ry>ix«d wiUi 
hestsd air i,T!rnedfatsiy upstr-jam of reisp«c$!vs pes- 
segss dsfin«d bsween said ^sm$ and wMofetn 
combustion occu>-s dovr.sn^im of saiG vsnss. 

10. A mettiod ss ciaiiTsea in c:.?,iit5 9, inciudiJiij 30 
corifiolng saici 3ir-Q33-jrt,. ■ ■■ - 
tc3 ths region slxive th, . ^ . , -^jcco- 

eve ?iow5 throygn sard annular tnier at u^e radisily 
mmf and fsuter edges thereof mth radiaiiy out- 
wardiy and radisily rowardty flow components rs- 3s 
spectiveiy, 

1 ■ A ffi.-jthcid 55 cissmed in any one of cisirRS 
9 or 10. Nvi-.sfctf, said {^assous fusi comjSrisas natu- 
rae gas and sajc! nvxtur* is suppfisd sS a tsmpera- 
ttifs grsaisr than 700'C, 40 

12. A mi:\>^-'i<i as ciaimsci in c!?.irr. tl, wherrjir^ 
sa;d tamper3B.:fi3 c-r said mtxiurs :s obtatr^sd by 
■T-wng ssfC naturai gas with haaiect at a tftm- 
persture of less tftart about lOOO'G. 

13, A (Tsethod as clairrfed in claim ?2i whsrssi 
said fflf is at a tempsratare of tsetwasts SSO and 
SOCTG, ' 
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